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THE DIAGNOSIS AND PATHOLOGIC PPIYSIOLOGY 
OF ARTERIOVENOUS ANEURYSM + 

C F HOOVER, MD, and A J BEAMS, MD 

CLEVELAND 

\Vhen the systemic ai tei loveiious circulation is short-cii cuited by 
a fistulous communication of sufficient size, symptoms develop so 
closely Simulating those of myocardial decompensation that it may be 
difficult to evaluate the part contributed to the cii dilatory defect by the 
arteriovenous communication In fact, the increased burden on the 
heart due to shoit-circuitmg the flow of blood may m time produce 
genuine myocardial decompensation The difficulties of diagnosis are 
still furthei complicated by the need of determining whether the 
arteriovenous communication is the sole cause of circulatory symptoms 
or only a contnbutoiy factoi in the piesence of caidiac disease 
Obviously, if all the symptoms are due to arteriovenous fistula, the 
propel treatment is to close the opening If the fistula is only a factor 
of minor impoitance, the operative procedure may be contraindicated 
In the first case we have to report, the caidiac symptoms were so pro- 
nounced that a large number of physiaans and surgeons advised against 
surgical piocedure, believing the arteriovenous fistula to be of minor 
importance and the cardiac disease to be the chief cause of the existing 
venous stasis, chylous ascites and edema 

We find nowhere m medical liteiature a discussion of the hydraulics 
of arteiial blood flow m ai tei lovenous fistula, nor any attempt to 
differentiate between caidiac enlargement caused by arteriovenous 
openings and that caused by primary disease of the myocaidium These 
questions must be unequivocally answered before a patient can be 
given sound advice on the question of operation When the fistula is 
in a location that is under digital control, as m a fistula between the 
femoral arteiy and vein, it is a perfectly simple matter to compress the 
artery and determine how the hydiauhcs of the circulation are affected 
by eliminating the fistula from the circulation When, however, the 
fistula IS beyond manual control, as in the root of the neck or intia- 
thoiacic or intra-abdominal, the problem of diagnosis becomes much 
more difficult 

’'■From the Medical Department, Western Reserve School of Medicine, 
Lakeside Hospital 
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We shall first describe two patients with arteriovenous fistula in the 
femoral vessels In one patient the leak could be readily shunted out 
by compression of the femoral artery at Poupart’s ligament, but in the 
other case the patient had so much edema and so much pain that he 
could not tolerate chgital pressure on the femoral vessels, nor would 
he tolerate a ligature about the thigh This was probably the reason 
that so many physicians had failed to evaluate the fistula m this man’s 
circulatory symptoms 

REPORTS OF CASES 

Case l—Histoiy—K young man, aged 32, who was admitted to the Lake- 
side Hospital on Nov 29, 1920, had received a rifle bullet through the right 
thigh at the lower end of Hunter’s canal, two years and two months before, 
while serving in a mortar battery with the army m France According to the 
patient’s historj', he had no fever or any evidence of infection of his wound 
About two weeks before he got out of bed, which was about two and a half 
months after receiving the wound, he observed that his right thigh and leg were 
swollen and decidedly larger than the left When walking on crutches, he stepped 
on the right foot of the wounded side and held his left foot off the ground on 
account of a superficial wound in the left knee received at the same time as 
the wound m the right thigh He observed that he was short of breath and 
began to have signs of fulness in the abdomen He was then put to bed again 
and on examination was found to have free fluid m the abdominal cavity 
Two weeks later his abdomen was tapped to relieve the ascitic accumulation 
Within the following two years the abdomen was tapped forty times for the 
relief of ascites 

Examination — ^When the patient came to the hospital he was able to walk 
by the aid of a crutch and a cane The abdomen was greatly distended, and 
his thorax, extremities and face were emaciated He seemed to suffer more 
from exhaustion than from air hunger Although his ability to get about was 
limited, he did not cough or exhibit the symptoms of a patient suffering from 
a high degree of stasis in the pulmonary circulation Physical examination 
revealed the apex of the heart at the fifth intercostal space, two thirds of the 
way to the anterior axillary line from the left midclavicular line The impulse 
of the right ventricle was strong, and there were a distinct systolic impulse 
and a diastolic impact over its conus arteriosus There was not a clear differ- 
entiation between the areas of impulse, but the left ventricular impulse could 
be differentiated from the right The precordial area of dulness did not extend 
beyond the right border of the sternum in the third and fourth interspace 
During inspiration the inner half of the left costal margin was diminished m 
its lateral movement, but the inner portion of the right costal margin moved 
readily away from the median line The outer parts of both costal margins 
moyed S 3 'mmetrically outward during inspiration The external and internal 
jugular yems were distended and under considerable pressure When he was 
lying with his hands at his side, a distinct centrifugal systolic pulse was 
visible in the veins of the hands, and the right hand had to be lifted at least 
12 inches above the level of the heart before the veins collapsed The liver 
was plainly palpable four finger-breadths below the costal margin m the right 
nipple line There was a strong sj^stolic pulsation of the liver, which was 
synchronous with the pulse in the carotid artery, it was so strong that after 
the ascitic fluid was removed the pulsation of the liver caused a lateral thrust 
of the ribs on the right side that dragged the entire thorax to the right With 
each cardiac systole the lower right ribs were thrust so far m a lateral direc- 
tion that the borders of the left ribs were drawn toward the right The 
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femoral vein on the nglit side was pcreatly distended, and the same kind of 
sjstolic pulse was visible as in the jugular veins, bulbus venosiis and liver 
At the lowei end of Hunter’s canal there was a strong thrill, which was 
palpable from that position as far upward as Poupart’s ligament Over this 
entire distance there was a loud systolic murmur, but below the origin of the 
thrill on the right side there was no murmur audible and no palpable thrill 
The pulse in the dorsalis pedis artery was not palpable on cither foot, but 
the posterior tibial pulse on both sides was distmctlj'' palpable The right 
thigh and leg ucre edematous, and tlieic was also slight edema of the left 
leg and ankle 

A 6 foot (182 8 cm ) rocnlgcnograin of the heart showed a globular enlarge- 
ment The contour rcccalcd an enlargement of the right ventricle as well as 
of the left, but sboued no evidences of distention of tbc right auricle to the 
right of the sternum When svnehronous tracings of the pulse m the bulbus 
\cnosus and in the femoral vein of the right side were taken, there was no 
c\ idcncc of an auricular pulse The pulse was purely systolic in time, and the 
jugular pulse preceded that of the femoral by one tenth second, so that so 
far as pulsation of the Incr, jugular vein and fcmoial vein were concerned, 
the patient c\ identlv had a tricuspid insufliciency and the venous pulsa- 
tions might be cardiac in origin or might originate from the arteriovenous 
opening There uere sc\cral reasons, ho\\c\cr, for believing that the cardiac 
nnohement uas secondarj to the arteriovenous fistula, and that all the venous 
phenomena originated from the direct arterial communication and not from 
cardiac decompensation 

Tiic first reason was that the right auricle was not enlarged If the venous 
phenomena at the bulbus venosus and in the liver were secondary to tricuspid 
insufliCKnc}, there must be an enlarged right auricle, and therefore the fact 
that there was no e\ idence of flattening of the subcardial diaphragm at the 
right of the mednn line gave rise to the suspicion that the right auricle was 
not enlarged Percussion, the fluoroscopc and the roentgenogram all confirmed 
this finding Mortoxer, the contour of the heart indicated that the right and 
left xcntnclcs were equally inxohed and that their enlargement was due to 
a common cause 1 hat it could not be from a decompensated left ventricle 
was suggested b\ the fact that the patient had a lung capacity of 2,500 cc 
when his expected xital capacity was not above 3,500 cc Had all the venous 
stasis been in consequence of a decompensation of the left ventricle, he w'ould 
have had pronounced lung rigidity with a great reduction m Ins vital capacity 
Under such circumstances, we should have expected tbc vntal capacity to be 
reduced to about 1,500 c c or e\eu 1,200 cc 

Opi ration and Cour rc — As above stated, the patient would not tolerate suffi- 
cient pressure oxer the region of the femoral artery to shut out the arterio- 
xenous leak So in anticipation of an operation we could prognosticate only 
on the basis of the phxsical examination, but these txvo points — lack of 
cxidciicc of stasis in the pulmoiiaiy eirculation and of ectasis of the right 
auricle— wore sufficient for advising operative proceduie Up to this time 
siirgerj had not been adxiscd because the patient xvas believed to have a 
primarx cardiac disease, to suhstantiatc this interpretation, a positive Wassei- 
marni re.ietioii on the blood iiad finallx been piocured aftci four trials, and 
this test h.id determined his phjsieiaiis not to opeiatc but to have the patient 
treated for sxphilitic inxocarditis 

On Dec 5, 1920, we remoxed 11 liters of ascitic fluid by paiacentesis The 
fluid w.is milkx m appearanee and did not claiify by centrifugation Theie 
were onlx 135 cells per cubic millimetci, and the amount of albumin, although 
not qii nititatixolx detirmnied, was smallei than that usually found in pure transu- 
dates Although the fluid did not claiifx by contact xvith cthei. Dr Blaiikcnhorn 
xxas able to recoxcr ftit m considerable amounts by extraction xx'ith petroleum 
ether in ^a reflux condenser, and fuithcr studies of this fluid, icpoited elsexvhere 
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by Dr Blankenhorn/ proved its turbidity to be caused by fat in a finely divided 
emulsion On the day after the ascitic fluid ivas removed, the patient was 
operated on, and there was no reaccumulation 

On Dec 6, 1920, Dr Crile operated on the patient under local anesthesia 
with nitrous oxid in small amounts The patient was conscious during most 
of the operation The vein and artery at the site of the communication were 
freely opened On the inner surface of the artery, in an area 4 by 2 cm , 
there were about ten small sinuses plainly visible The collected area of the 
lumina of all these sinuses, which presented a sievelike appearance, was not m 
excess of the cross section of the artery This sievelike area was not removed, 
but was separated from the neighboring structures by deep ligatures on all 
four sides 

Directly after the operation it was quite apparent that there had been no 
primary heart disease and that all the circulatory symptoms had been caused 
by the arteriovenous fistula The character of the heart impulse was immediately 
changed Although the area of precordial dulness was not lessened, the systolic 
impulse and diastolic impact over the conus arteriosus of the right ventricle 
were no longer perceptible Only the apex impulse was palpable The 
contact of the cardiac impulse with the anterior chest wall was diminished in 
its vigor One gained the impression that the heart was less globular and 
the right ventricle smaller, although the location of the apex of the left ventricle 
was unchanged and the right border of the heart was still at the right sternal 
border The large veins were no longer distended, and the centrifugal systolic 
venous pulse in the jugular vein was replaced by a presystolic centrifugal wave 
The hepatic pulse ceased, and the lower border of the liver was slightly below 
the costal border in the right nipple line Its consistency was somewhat in 
excess of normal, and its edge slightly rounded — not so sharp as m hepatic 
cirrhosis The impression received from palpating the liver before and after 
the operation was that the great engorgement within the hepatic veins was 
allayed but that the edema of the liver persisted However, within a few 
days after the operation the liver was no longer palpable, and its percussion 
boundaries were quite normal 

There were several preoperative and postoperative observations that were 
interesting For instance, before the operation the minute volume flow through 
the right foot (the affected side) was 1 16 gm per 100 c c of foot volume, as 
measured by Stewart’s method, and through the left foot it was 3 gm per 
100 c c , but one month after the operation the same method gave an equal 
volume flow on the two sides, namely, 1 8 gm per 100 c c of foot, which is 
within the normal limits Before the operation there was marked retention of 
body fluids, only about half the intake of fluids being eliminated by the kidney, 
although the phthalein kidney test gave a normal result The urine at this 
time contained a trace of albumin and a few hyaline and granular casts After 
the operation there was no retention of body fluids, and the urine became 
normal The vital capacity of the lungs also became normal, being increased 
from 2,500 to 3,500 c c This increase in pulmonary extensibility was more 
apparent than real It was in all probability unchanged, for the patient’'^ 
muscular vigor was so much improved by the closure of the arteriovenous 
fistula that this alone could account for the apparent increase in lung capacity 

Besides the modification in size of the heart and the disappearance of venous 
engorgement, the most striking and interesting change was in the character 
of the arterial pulse Before the operation the pulse was monocrotic and had 
an extent and celerity m the anacrotus and catacrotus that were suggestive of 
aortic insufficiency The arterial pressure measured systolic, 115, diastolic, 65 
After the operation the pulse had a smaller excursion and the pressure measured 

1 Blankenhorn, M A Chylous and Pseudochylous Effusions A Report 
of Seven Cases, Arch Int Med 32 129 (July) 1923 The Causes of Turbidity 
in Milky Ascitic Fluids, ibid , p 140 
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s\'stolic, 145, diastolic, 95 This was a stiiking- change in the systolic and 
diastolic pressure with the pulse pressure unchanged, and as we shall later 
shoi\ it occurs only in arteiiovcnous fistula All other cardiovascular diseases 
that modify arteiial picssurcs alter the pulse pressure 

By the latter part of February, eight weeks after the operation, the patient 
Mas discharged in perfect health The loentgenograms of the heart taken 
before and after operation shoM' a marked diminution in the size of the heart 
(Fig 1, A and B) All the cardiovascular and respiratory signs were perfectly 
normal The liver had a normal conformation, size and consistency The 
urine M’as normal and the blood floM' in the feet M'as the same 

Case 2 — Histo)y — ^An Italian M'oman, aged 58, M'as admitted to Lakeside 
Hospital in April, 1921, complaining of shortness of breath and abdominal pain 
Four \cars before entciing the hospital she had been M'oundcd by a rifle bullet m 
the upper right thigh She was confined to her bed for eighteen days After 
reco\erj" from her Mound she noticed a pulsation at the lower end of Scarpa’s 
triangle A \car later there Mas dyspnea on slight exeition, and the ability 
to c\ercisc greM' gradually less 

Exavivwttoii — The patient had a m’cII pronounced cardiovascular disease, as 
shown bv the cardiac enlargement and an aiteiial pressure of systolic, 210, 
diastolic, 110 In the jugular vein and bulbus venosus there was a systolic 
centrifugal pulse The liver was at the level of the umbilicus in the mid- 



Fig 1 — A IS a 6 foot roentgenogram of Case I before opeiation, B, a 6 foot 
roentgenogram of the same patient one month after closure of the aitcnovenous 
fistula 


claviculai line and revealed a pronounced sjstolic pulse that was svnehronous 
with that in the bulbus venosus Ihc contour of the heart was globular, 
although the difi’crenliation between the areas of the left and the light v'cn- 
tncular impulses was moie clcarlj defined than in the first patient It was 
noticed, however, tint although there was a pronounced hepatic pulse, the right 
boundaiv of jnccordial dulness did not extend beyond the light bordci of the 
sternum The subcardial diaphragm was not flattened at the right of the median 
line, but it was depiesscd at the left, as shown bv the inspiiatoiy exclusions 
of the cost il borders The innei half of the left border did not move outward 
during inspiration, but the outei half moved strongly lateiad, as did the 
entile right costal margin 

There were no evidences of stasis m the pulmonaiy cii dilation Foui 
centimeters below Poupait’s ligament there was an intense systolic thrill and 
loud sjstolic murmur, which was audible during the entiic caidiac cycle, but 
which was gicatly accentuated with the expulsive phase of the left ventiiclc 
Although the fcinoial vein was enlaiged, theie was no edema of the thigh or 
leg of the afleeled side When the femoral aiterv was oblitciated at Poupart’s 
ligament by digital compiession, thcie followed some stiikmg alterations in 
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the arterial pressure and character of the pulse The systolic and diastolic 
blood pressures both rose 40 mm of mercury, but the pulse pressure remained 
the same Before compression of the femoral artery the pressure measured m 
either arm was systolic, 210, diastolic, 110, and during- compression it was 
systolic, 250, diastolic, ISO When the arteriovenous leak was eliminated, the 
excursion of the radial and dorsalis pedis arteries was distinctly lessened, as 
perceived both by touch and by sight With the arteriovenous leak, the pulse 
excursion had a range and celerity suggestive of insufficiency of the aortic 
valves or sclerosis of the aorta When the arteriovenous leak was eliminated 
the pulse instantly assumed the character of pulsus durans, which is so marked 
m the Gull and Sutton variety of arterial sclerosis The excursion of the 
artery was lessened, and an interruption high m the catacrotus was plainly 
visible and palpable in the dorsalis pedis, radial and brachial arteries This 
alteration was clearly due to elimination of the systolic and diastolic leak from 
the femoral artery into the femoral vein The systolic pulse in the jugular 
vein was replaced by a presystolic centrifugal pulse, which was plainly auricular 
in origin The hepatic pulse ceased with elimination of the arteriovenous leak, 
and the size of the liver perceptibly diminished 

These changes m the arterial pulse are plainly shown m a tracing made 
from the radial artery, as seen in Figure 2 At X, the femoral artery above the 



Fig 2 — This tracing was made by the polysphygmograph from the jugular 
vein and radial artery of Case II The running of the sphygmograph was not 
interrupted at any time m the tracing The femoral artery above the arterio- 
venous fistula was compressed at the end of the diastole Note the instant rise 
of the minimum diastolic descent with the recording needle At Y, the artery 
was released, and immediately there was instant return to the original type 
of pulse 

fistula was compressed at the end of the cardiac diastole Instantly the tracing 
rose to the same height as before compression, but the catacrotus descended only 
one third as far The force of the spring that drove the pelote downward so 
as to register a downward excursion of the needle of 8 mm now drove the 
needle downward only 3 mm This was of course due to the increased filling 
of the artery and the rise of 40 mm of mercury m the diastolic pressure As 
the sphygmograph registers only the excursion of the arterial wall, with the 
stiffening of the arterial system the excursion of the wall is much diminished 
At Y, the compression finger was lifted, and instantly the original arterial 
excursion was resumed The pulse rate was distinctly increased when the 
leak was eliminated and not slowed as reported by other observers The time 
marker shows no interruption m the tracing 

An operation was not advised m this patient because she had a severe 
cardiovascular and renal disease which forbade any promise of restoration to 
health after closure of the arteriovenous leak 
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COMMENT 

In the second patient the arteuovenous leak was not so large as m ' 
the fiist, but the hydraulics of the blood flow were affected exactly 
the same in both though in different degrees In the second patient 
the significance of the arteriovenous leak was easily determined by 
compression of the femoral artery above the fistula 

In these two cases there are two demonstrable effects on the 
cn dilation that chaiacterize the lesion and also enable the clinician to 
eialuate the burden added to the heart by the arterial leak When 
there is a central leak, that is, of the aortic valves, the severity of 
the leak is clinically estimated by enlargement of the left ventricle and 
increase of the pulse pressure If the diastolic pressure is lowered, 
there must be a compensatory rise of the systolic pressure to maintain a 
normal minute volume flow of blood The left ventricle enlarges to 
accommodate a compensatoi} diastolic filling of its chamber The leak, 
houever, under these ciicumstances is purely diastolic If there is a 
leak distal to the aortic valves, theie will of necessity be an enlarge- 
ment of all the chambers of the heait if the minute volume flow 
of blood is to be maintained On the central side of the leak there 
must be an increased volume flow if the normal flow is maintained 
m all tlie distal parts If 100 c c be the normal output of a left 
ventricle and an aortic diastolic leak of 20 c c be imposed, then the 
rate remaining the same, the systolic output of the ventricle must 
become 120 c c , but only the left ventricle need enlarge to meet this 
compensatory measure If the leak of 20 cc duiing the entire cardiac 
c}cle occurs distall) to the aortic valves, not only will there be required 
a compensatory dilatation of the left ventricle, but the right ventricle 
will have to meet an equal dilatation, an equal measure of dilatation 
on the part of the auricles, how'ever, is for obvious reasons not lequired 
The same kind of cardiac enlargement will be needed as occurs in 
other diseases attended with an increased minute volume flow through 
the heart In acute exophthalmic goiter and severe chlorosis, the 
cavities of tlie renlricles enlarge, but the enlargement is compensatory, 
cardiectasis does not occur as in myocardial decompensation, and there 
IS no demonstrable enlargement of the right auricle to the light of the 
sternum Enlargement of the precordial area of dulness to the right 
of the sternum is ahvays due either to ectasis of the right amide or 
to an enlarged pericardial sac The atrioventiicular sulcus of the right 
side of the heart follow^s closely the right border of the sternum from 
the thud to the fifth intercostal space When the right ventricle 
enlarges, its base is not dislocated to the right, but its boundaries movt 
upw^ard to the left m the line of the conus arteiiosus and laterally co 
It, and also dowmward to the left When there is ectasis of the light 
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ventricle and auricle from myocardial decompensation, the subcardial 
- diaphragm to the right of the median line is flattened, and the inner half 
of the right costal margin is restrained in its lateral movement during 
inspiration In severe cases, it may be drawn mediad When, how- 
ever, the cardiac enlargement is compensatory for an increased volume 
flow of blood, as occurs in exophthalmic goiter or in arteriovenous 
fistula, the subcardial diaphragm is not flattened, the heart seems to 
be erect, and although enlarged it does not encroach on the phrenic arch 

The absence of enlargement of the right auricle is the most impor- 
tant sign in arteriovenous fistula when the volume of the leak is 
sufficient to cause a systolic liver pulse, for when an hepatic pulse is 
due to cardiac decompensation, the subcardial diaphragm at the right of 
the median line is flattened so that the inner half of the right costal 
bolder is either restrained in its laterad movement or drawn toward the 
median line in inspiration This sign is the key to differential diagnosis 
when the leak is not under command of the fingers, for a globular 
enlargement of the heart, attended with a systolic centrifugal pulse 
m the veins and a strong hepatic pulse, is likely to be disposed of 
unquestioningly as venous stasis from cardiac decompensation When 
the arteriovenous fistula is under digital command, it is an obvious and 
simple procedure to demonstrate the degree of arterial leak If elimi- 
nation of the leak does not modify the systolic and diastolic pressure, 
the arteriovenous fistula can have no significance for the systemic 
circulation The change in blood pressure without change in the 
pulse pressure occurs only in this affection All other sources of 
changes in blood piessure altei the pulse pressure This is true in 
disease of the aortic valve and also when the output of the heart is 
increased or diminished if the peripheral resistance changes or remains 
the same 

Should a patient have arterial hypertonus with a pressure of 
systolic 250, diastolic 150, and the vasomotor tone be relaxed so that 
the systolic pressure is lowered to 210, the diastolic pressure will not 
be lowered an equal amount The diastolic pressure may drop to 125 
or 120, but it will not come down to 110, as occurred m our second 
patient when the arteriovenous leak was reopened after it had been 
eliminated by digital compression 

PATHOLOGIC PHYSIOLOGY OP ARTERIOVENOUS FISTULA 

There were several considerations m these cases that demanded 
experimental confirmation and further clarification The essential 
points we Avished to study were the changes in arterial pressure without 
change of pulse pressure , enlargement of both ventricles without 
ectasis of the auricles , and hepatic pulsation 
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We soon found that anastomoses between normal vessels and 
fistulas between aitenes and veins resulting from trauma gave different 
results In neithei of oui two patients with femoral arteriovenous 
fistula could the leak have exceeded that of the cross section of a 
femoial arteiy, but the arterial and venous pressures weie much more 
affected m oui patients than m our experimental animals even when 
the pioportionate arteriovenous anastomoses implicated a larger vascu- 
lar lumen In the fiist of oui two patients, the arterial piessure was 
s}stolic 115, and diastolic 65 before the leak was closed and systolic 
145, and diastolic 95 after the leak was closed , and in the second 
patient it vas S}stolic 210 and diastolic 110 before and systolic 250 
and diastolic 150 afteiward The soldier had a much largei leak than 
the woman, although his arteiial pressure was raised 10 mm of mercury 
less The voman had seveie arterial sclerosis, so that the stoppage of 
her smaller leak raised the pressure more than did the stoppage of the 
larger one in the man 

To reproduce these results m animals we anastomosed both carotid 
arteiies of a dog with then adjacent external jugular veins, with the 
expectation that tlie consequent arteriovenous leak would proportion- 
ately equal oi exceed that of our patients With the aid of our surgical 
colleague, Dr Frank Gibson, such anastomoses were made in May, 
1922 B) the middle of the following November, the dog showed no 
signs of Acnous stasis, and i oentgenograms of the dog’s heart made 
each month showed no appreciable alteration in the size of the heart 
The dog A\as killed after an inten'al of six months, and the arteno- 
A cnous communications aa ere perfectly clear, Avithout obstructing 
tfirombi in eithei vein or aitery, and had a circumference of 7 mm on 
each side During life there AA^ere a strongly palpable thrill and a loud 
murmur OAcr each opening, and if the lumina of the cut ends of the 
caiotids had not been greatly diminished by A’'asomotor constriction, the 
circulatory changes in oui fiist patient Avould haA'^e been repioduced, 
as the dog’s ai tciiovenous communication at neciopsy AA^as proportion- 
atch much laigcr than our patient could possibly have had We sought 
to lemcdA this constiiction in the dog by dissecting off the adA^entitiae 
from the anastomosed arteiies, but the thrombi in the veins at the points 
of an.istomosis defeated the puipose of the experiment When the 
dog’s caiotid-jugulai anastomoses Aveie fieely opened, the charactei of 
the femoral pulse Avas peiceptibly modified by alternately closing and 
releasing the caiotids, but the palpable changes in the chaiacter of the 
pulse Avere not so pionounced as m eithei of the tvA'^o patients Avith 
unilateial fistula m their femoial vessels 

We then tiied anastomosing one common caiotid aitery of a dog 
Avith Its neighboring external jugular vein so that the pioximal end 
of the arteiy opened fieely into the vein An arteriovenous leak as 
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great as in either of the patients above descnbed might have been 
expected, but the results were disappointing After the carotid-jugular 
communication was established, the palpable thrill and murmur indi- 
cated a large leak, and by palpating the femoral artery while the arterio- 
venous opening was alternately closed and opened, the change in the 
character of the femoral pulse was plainly perceptible to the palpating 
finger When the arteriovenous communication was open, the excursion 
of the femoral artery partook of the celer character, and when it was 
closed the artery had less excursion When a cannula connected with 
a mercury manometer was inserted in the central end of the femoral 
artery, the changes in pressure were found to be considerably less than 
one would expect from the thrill and murmur and the palpable and 
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Fig 3 — The tracing is from the femoral artery by means of a U mercury 
manometer At 0, the arteriovenous communication between the carotid and 
the external jugular was opened At S it was closed The changes m pressure 
recorded by this method do not reveal the points of opening and closure of 
the carotid-jugular path 

visible changes in the femoral arterial pulse The arterial pressure from 
such an experiment is recorded in Figure 3 Although the femoral 
artery was fuller and the walls were more taut when the arteriovenous 
opening was closed, the pressure tracings fail to show when the opening 
was closed or open The pressure changes were not sufficient to sur- 
mount those that occurred with respiration 

This experiment (with the one previously described, m which both 
carotids and jugulars were united) shows clearly that when arterio- 
venous communications are established between vessels with normal 
walls, the results are different from those that occur in arteriovenous 
fistula following trauma In normal vessel walls the vasomotor defense 
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against hemoiihage is opeiative, wheieas m diseased walls the leak is 
constant and unaftected by vasculai constriction Two arteriovenous 
communications, each found at neciopsy to have a circumference of 
7 mm, would m a 12 kilogiam dog provide a proportionately much 
laigei leak than a unilateial aiteiiovenous fistula m the femoral artery 
of man In the experimental dog, however, we are dealing with the 
cut ends of normal arteries, which lespond with vasomotoi constriction 
as a defense against hemoirhage, but m wounded patients the 
arteriovenous fistulas are found in vascular walls that have lost their 
unstriped muscular fibeis wheie the fistulas form 

CONFUSION WITH AORTIC INSUFFICIENCY 

In several French publications during and since the war patients 
similar to our first one are described as having cardiovascular symp- 
toms like those of insufficiency of the aortic valves The authors 
describe the pulse as having a celer character quite like that of aortic 
insufficiency, and the heart is also described as having the size and 
contoui seen in this valvular defect According to our observations 
the size and contoui of the heart and the pulse differ greatly in the two 
conditions The size and contour of the heart will be reserved for 
later discussion, and for the present we will descnbe the pulse character 
and the artei lal blood pressure 

Celeiity of the pulse as described in the French publications is not 
celerit) in arterial pressure variations but in extent of excursion of the 
arterial uall As shown in our experiment in which only one carotid 
of a dog was connected with the jugular vein, the opening of the 
artei lovenous communication caused a visibly increased excursion of 
the exposed femoral artery, but the systolic and diastolic pressure 
failed to show when the arteriovenous communication was open or 
closed By palpation the opening and closure of the arteriovenous 
communication could be accuiately perceived, and still the mercury 
manometer was not sufficiently delicate to lecord the variations in 
pressure In our second patient, who had aitenal sclerosis, closure of 
the leak changed a pulsus celer into a pronounced pulsus durans, with 
a rise of 40 mm of meicury in the maximum arterial pressure, but 
in spite of this marked visible and palpable transformation from pulsus 
celer to pulsus durans, the pulse pressure remained the same, as 
measured by the pneumatic cuff on the arm 

To obtain accurate data on the relation between pulse pressure and 
arteriovenous fistulas, we employed the Hurthle apparatus designed 
for the pin pose, but our results were equivocal The nature of the 
experiment was such that other factors than the A-V communication 
came into play, and the results gave both negatory and confirmatory 
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results, as one chose to measure the pulse pressure at selected intervals 
The results were not as satisfactory as those obtained with the mercury 
manometer So far as our endeavors are concerned, we are compelled 
to abide by the results of the pneumatic cuff, which gave the same results 
not only in our cases but in the cases of foui other observers, who 
report the unchanging pulse pressure although the fact did not arouse 
their interest 

Whether the cuff is an absolutely correct method or not for measur- 
ing pulse pressure does not affect the value of the clinical observations 
The fact remains that, with the best clinical method for the purpose, 
pulse pressure is found to be unchanged with alterations in maximum 
pressure in this lesion only Furthermore, when closure of an A-V 
opening does not modify the S3'^stolic pressure, the lesion is of no serious 
significance for the circulation 

Figure 4 was made by a mercury manometer connected with the 
carotid artery of a dog in which the proximal ends of the cut abdominal 
aorta and cava were connected by a paraffined U-tube At the points 
marked S, the A-V communication was shut, and at 0 it was opened 
The tracing shows the systolic pressure much higher and the pulse 
pressure smaller during the shut periods There is a difference of 
25 mm of mercury in pressure between the two periods, but the pulse 
pressures differ only by 4 mm Furthermore, during the closed periods 
the pulse pressure recorded is the smaller, which differs from what 
happens when arterial pressure is raised by other means Even by this 
recording method, as the pressure rises from the use of epinephrm the 
pulse pressure increases 

Although the mercury manometer does not accurately trace the 
pulse pressure, it betrays gross changes This is shown m a carotid 
pressure tracing m an experiment of the same kind At S, Figure 5, 
the A-V communication was closed, and at 0 it was open, then at ad 
the drum was stopped and 5 minims (0 3 c c ) of 1 1,000 epinephrm 
were injected intravenously With the A-V communication left open, 
the pressure rose from 90 to 130 mm These pulse pressuie changes 
are the reverse of those which occur when an A-V communication is 
opened and closed, as shown by the mercury manometer Epinephrm 
raises the blood pressure and enlarges the pulse pressure, closing an 
A-V opening raises the arterial, but does not increase the pulse 
pressure While the pulse pressure was enormously increased under 
the maximum effect of epinephrm, at S' the A-V opening was closed 
and at O' again opened Of course here we have two operating factors, 
one a constant, that is, the opening and closure of the A-V com- 
munication — and the other a variant, that is, vasomotor pressor effect 
But in the periods of S' and O', where the pressor effect seems probably 
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Fig 4 — The tracing was made by a mercury U manometer connected with 
a carotid arterj m a dog with the central ends of the cut aorta and cava connected 
b} means of a paraffined U-tube At S the aorta was closed At 0 the aorta 
uas released 



Fig 5 — At 5" the communication between the aorta and cava was closed 
At O It was opened At ad the drum was stopped and epinephnn injected, fol- 
lowed by the prompt rise m pressure At S’ the arteriovenous opening was 
closed , at O' it was opened , at S" it was closed, and at 0" it was opened 
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the same, the pulse pressure is little changed at 0' by opening the A-V 
passage, although the systolic pressure is much lowered by the pro- 
cedure Insufficiency of the aortic valves lowers the diastolic pressuie 
and is attended with a compensatory nse in the systolic pressure Every 
change m maximum blood pressure that occurs with any disease of 
the aortic valves or the aorta or peripheral arteries is attended with 
change in the pulse pressure 

The rise in maximum blood pressure of our second patient when the 
A-V communication was closed came promptly with the closure When 
the femoral artery above the fistula was compressed at the end of a 
cardiac systole, the next arterial pulse apparently had the maximum 
rise, and this blood pressure and pulse pressure were maintained until 
the A-V communication was reopened, when the return to the former 
arterial and pulse pressure as promptly followed This change is too 
prompt to include any vasomotor factor 

The mechanism of an arteriovenous leak differs from that of the 
central leak (aortic insufficiency) and of the peripheral leak (vasomotor 
relaxation) In the central leak the mechanism is operative during 
diastole and not in systole , in the arteriovenous leak and in the vaso- 
motor relaxation the mechanism is operative during the entire cardiac 
cycle, but in the latter there is modification of the vascular capacity 

LESIONS SIMULATING ARTERIOVENOUS FISTULA 

This absence of change in pulse pressure is not only pathognomonic 
of the lesion, but it also serves to differentiate between arteriovenous 
fistula and conditions that may simulate it The following case illustrates 
this point 

Case 3 — A healthy young man was wounded by a shot from an automatic 
pistol The ball passed through the lower end of Hunter’s canal Over this 
area there was a painful swelling about 7 cm long and 4 cm wide The 
region was sensitive to pressure, and over the swollen area there was a loud 
murmur during the entire cardiac cycle with accentuation during the systole 
Over the same area there was a strongly palpable thrill, which was first 
perceived three days after the accident There was no venous distention When 
the femoral artery on the affected side was compressed, the blood pressure 
as measured m the arm remained systolic, 110, diastolic, 70, but the cardiac 
rate was reduced from 72 to 56 

Was this an arteriovenous aneurysm 7 It was not In the first 
place, the prompt appearance of the palpable thrill after the accident 
proved that there would be no arteriovenous fistula As seen in all 
our cases, about two weeks are required after the occurrence of a 
wound before a fistula forms In the second place, the blood pressure 
was not changed by compression of the femoral artery There was, 
it IS true, marked slowing of the pulse, which has been repeatedly stated 
in medical literatui e to be a sign of arteriovenous fistula, but the slowing 
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of the heait late seems to be caused by some afferent nerve impulse 
that IS leleased when the wounded artery is compressed, and cannot 
be linked with any effect on the hydraulics of blood flow 

At opeiation there proved to be no artei lovenous communication 
in this case The artery and vein were completely severed, and all 
foiii ends of the two vessels lay fiee within a blood sac The free ends 
of the vein evidently acted as clapper valves and thus prevented blood 
from enteiing either the proximal or distal end The free distal end 
of the artery, however, had so much lesistance in its wall that the lumen 
remained paith open and thus admitted sufficient affluent blood so that 
the pulses m the dorsalis pedis and posterior tibial of the affected side 
were plainly palpable 

SIZE OF THE HEART 

The size and contour of the heart are important, and a clear 
exposition of both may lead to a correct diagnosis when the arterio- 
lenous fistula cannot be eliminated by arterial compression on account of 
pain or inaccessibility In our first case, the fistula was accessible, but 
It could not be eliminated on account of extreme tenderness to pressure 
in Seal pa’s triangle The patient’s heait was enlarged, as shown by 
the palpable impulse and dulness to the left of the midclavicular line 
The area and force of the cardiac contact with the anterioi thoracic 
wall w'ere much increased, as shown by the broad quadrilateral impulse 
that w'as plainh palpable over the entire anterior area of the nght 
Nentncle In spite of the enlarged heart, high venous piessine and 
great hepatic pulse, we w^ere skeptical that myocardial incompetence was 
a causntne factor, because there w^eie no evidences of stasis in the 
pulmonar} vessels, and the precordial area of dulness did not extend 
to the light of the sternum, nor was there any evidence of flattening 
of the subcardial diaphragm to the right of the median line Because 
there w'as much enlargement of the ventricles and no evidence of 
pulmonar}'^ stasis or enlargement of the right auricle, we advised opera- 
tion Immediately after the operation the broad area of cardiac impulse 
o\ er the right ventricle ceased The contact of the right ventricle wnth 
the chest w'all w^as much less vigorous, but the precordial area of dulness 
was unchanged until two weeks after the operation, wdien the heart 
returned to its normal size 

The follownng case w^ell illustrates the need of interpreting the size 
and contour of the heart wdien the artei lovenous fistula is beyond digital 
conti ol 

Casl 4— The patient was seen by one of us (C F H ) a month before the 
first patient described in this paper came under observation (It was not until 
the second experience that the former case could be satisfactorily interpreted I 
A young man, aged 25, two months before was struck with great violence just 
above the right sternoclavicular joint by the handle of a mop There w^as no 
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wound of the skin and no immediate results to indicate that there had been 
a serious injury Two weeks later the patient suddenly developed a sense of 
extreme fulness and oppression over the upper thorax, which was caused by 
the establishment of a communication between the carotid artery and the 
jugular vein close to the innominate vessels The jugular vein and bulbus 
venosus were greatly distended and pulsated violently and synchronously with 
the arterial pulse The liver was four fingerbreadths below the costal margin 
in the nipple line and showed a strong systolic pulsation The impulse of the 
left and right ventricles was greatly increased in intensity, and the area of 
the heart extended to the left midway between the nipple and anterior axillary 
lines The area of heart dulness did not extend to the right of the sternum 
in the third, fourth and fifth interspaces, but there was an area of dulness like 
a band about 2 cm wide to the right of the manubrium from the first to the 
third ribs 

With this combination of cardiac enlargement, venous engorgement and 
hepatic pulsation there was no evidence of pulmonary rigidity or edema, and 
there was no evidence of flattening of the subcardial diaphragm to the right 
of the median line The entire right costal margin moved laterad in inspiration 



Fig 6 — ^Note the large globular erect heart without any evidences of flatten- 
ing of the subcardial diaphragm to the right of the median line 

The inner part of the left costal margin was slightly diminished in its laterad 
movement, but the outer half moved readily outward in inspiration During 
systole and diastole a loud murmur was audible, which had its maximum 
intensity at the right border of the manubrium The pulse had a celer character 
of moderate excursion Figure 6 was taken at the time, and shows the moderate 
globular enlargement of the heart 

A few weeks later surgical relief was attempted, but the patient succumbed 
during the operation 

Although this patient exhibited marked signs of venous and hepatic 
stasis he was able to walk about, and although he could exercise little 
he did not suffer from air hunger when at rest These facts, togethei 
with the absence of pulmonary edema and the absence of ectasis of the 
right auricle, justified the diagnosis of arteriovenous fistula The 
location and contour of the right heart border and the inferior contour 
of the heait as revealed by the movements of the costal borders, aie 
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the essentials in making a diagnosis m such cases as this One may 
be greatly misled if the piesence of cardiac enlargement, pulsus celer 
and the muimurs aie accepted as proof of venous stasis from cardiac 
incompetence 

CARDIAC ENLARGEMENT 

The behavior of the heart m arteriovenous fistula is amazing The 
laige and vigorous impulse that takes m the entire precordial aspect of 
both \entiicles may lead one to ovei estimate the size of the heart 
and eiioneously make a diagnosis of cardiectasis When the A-V 
opening is closed, the impulse over the area of the right ventiicle ceases 
immediatel} and only the apical impulse of the left ventricle is percep- 
tible This change occurs directly after the closing of the artei lovenous 
fistula, but in severe cases, like the first one described, the percussion 
holders ivill not return to the normal limits until after two weeks In 
our second case, which was complicated with arteriosclerosis, this change 
in the character of the precordial impulse could be produced at will 
by alternately compiessmg and releasing the femoral artei y above the 
site of the fistula When the A-V communication is open, the diastolic- 
s}stohc excursion of the heart is increased and the heart assumes a 
globular contour, although the area of precordial projection may be 
little changed The deception is quite like that experienced m estimating 
the size of the heart m acute exophthalmic goiter The examiner is 
likely to o\erestimate the size of the heait m this disease, because 
the systolic exclusion is mci eased to accommodate an increased minute 
volume flow of blood The impulse becomes accessible over the entire 
precordial area, and the heart is therefore assumed to be much enlarged 
Only accurate peicussion of the borders of the heart and study of the 
costal margin movements save one from this error In acute exophthal- 
mic goiter the costal margin movements never indicate any flattening of 
the subcardial diaphragm In chronic exophthalmic goiter that piesents 
evidences of myocardial decompensation and renal disease, the subcardial 
diaphragm will be flattened as occurs in cardiectasis from other causes 

In pi oducing these cardiac changes experimentally we had no success 
m survival experiments because in such experiments we could not 
obtain any great changes in blood pressure — the A-V leak was insuffi- 
cient Howeier, when the proximal ends of the abdominal aorta and 
cava were united by a U-tube and the thorax and pericardium opened, 
we had a satis factor), view of the two ventricles and the right auricle, 
and the changes in the size and excursion of these parts were plainly 
m view as the A-V commumcation was alternately closed and opened 
by compressing and leleasing the abdominal aorta Under the fluoro- 
scope the heai t was seen to swell into a globular contour but was little 
enlarged Roentgenogi ams weie then taken with the tube 6 feet 
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(182 8 cm) away Figure 7, A and B, shows the difference in the 
contour of the heart when the A-V flow was closed and free Later the 
thorax was freely opened, artificial respiration begun and the pericardial 
sac opened and used as a support on which the heart rested On opening 
and closing the A-V path, the heart was seen to respond in a manner 
that suggested the changes m excursion and celerity of the arterial wall 
from the same cause The ventricles visibly swelled and greatly 
increased their excursion as the communication was opened, but the 
right auricle increased little m size and showed a comparatively slight 
increase of diastolic-systohc excursion The increase in volume and 
excursion of the ventricles was plainly a compensatory effect to meet 
the need of the increased cardiac output that resulted from the arterial 



Fig 7 — The aorta and cava of the dog were connected by a U tube A 
IS a 6 foot roentgenogram with the arteriovenous communication closed B is 
a 6 foot roentgenogram with the arteriovenous communication opened Note 
the change in contour with slight increase in the transverse diameter of the 
heart 

leak Ten c c of 1 1,000 epmephrm were then injected into the jugular 
vein at intervals of ten minutes The first few injections caused the 
heart to increase in size, and the aorta became greatly distended ana 
elongated, so that it resembled the elongated and dilated sclerosed 
aorta in patients with a high degree of peripheral arterial resistance 
After several repetitions of the epmephrm injections, the heart dilated 
from incompetence and went into fibrillation of auricle and ventricle 
As decompensation occurred, attended by great ectasis of the light 
ventricle and auricle, one perceived the striking contrast between ectasis 
of the heart chambers and compensatory dilatation in response to an 
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increase of minute volume flow Why the subcardial diaphragm is 
flattened in ectasis and not m conipensatoiy dilatation was apparent 
In caidiectasis theie was gieat enlaigement and downward extension of 
the light aiiiicle and base of the light ventiicle, wheieas in conipensatoiy 
dilatation there i\as an mciease in the ciicumfeience of the mesocardium 
but no depiession of the lentiiculai base oi of the auricle as the 
ciicumference of the ventiicle enlaiged 

Caidiac enlaigement compensatory foi an increased volume flow 
pioduces a globulai enlaigement lestiicted to the mesocardium There 
IS slight if ail} dislocation of the apex, and the circumfeience at the 
base of the heait and at the ati io\ entricular sulcus is not inci eased 
The heait lemains m an eiect position and does not encioach on the 
diaphiagm In arterioi enous fistula, chlorosis and acute exophthalmic 
goitei . the heal t takes on this globulai contour and iiici ease of its 
middle ciicumference in lesjionse to the enlarged minute volume flow 
of blood The diastohc-s} stohe exclusion of the ventiicles is enlaiged 
1 he foice and aiea of piecoidial exclusion of the ventricles aie greatly 
inci eased and gne the imptession of gieat caidiac dilatation, when in 
reality percussion, movement of the costal borders, and the loentgen 
ra\ all indicate onl} a model ate globulai enlaigement of the ventiicles 
In acute exophthalmic goitei, a degice of lolume mciease that would 
siifflcc 111 111} ocai dial disease to depiess the snbcaidial diaphragm will 
not show ail} modification of inspiiatoiy movements of eithei costal 
1)01 dei The leason for this is quite apparent if the changes aie 
ohserxed m heait volume and contour when epmephrm m laige amounts 
IS guen to a dog with a laige A-V fistula When the fistula is open, 
the heait iiici eases in its midciicumfeience and diastohc-systohc exclu- 
sion without eiici o.iching dowuiw'aid but as acute dilatation and fibiil- 
lation follow' the laige dosage of epinephiin, the circumfeience of the 
\entnclcs at the atiioventiiculai sulcus greatly enlaiges, the light 
auricle pi oti tides w'lth a laige semilunar contoui to the right of the 
base of the xentiicle, and the heait enci caches on the diaphiagm These 
obserxations pioxided us wnth a satisfactoiy explanation foi the 
divciepaiK} betw'een the costal bordei movements m exophthalmic goiter 
and 111 caidiac disease, wdien appaiently both conditions should pioduce 
coi responding eflects on the costal boidei movements 

Fiom oui clinical obscnations and animal expeiiments w^e w^eie 
convinced of the ventiicular enlaigement that immediately attends short- 
en cuiting of the cii dilation thiough an A-V opening When the 
tcleorocntgenogiams w'eie made, how'^evei, they weie disappointing 
They did not show^ as much enlaigement in the tiaiisverse diiection as 
W’'e expected to see The caidiac enlaigement as peiceived by clinical 
examination and by dii ect inspection in animal expei iinents indicated 
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the primary enlaigement to be chiefly in an anteroposterior diameter in 
the early stages of the disease, and enlargement of the transverse 
diameter to be a later development 

To present graphic evidence of ventricular enlargement as a piomptly 
developing sign of A-V fistula, the size of the heart was lecorded 
by a plethysmograph The abdominal aorta and cava were united by 
a U-tube, the thorax opened and artificial respiration employed The 
ventiicles only were included in the plethysmograph . The upper tracing 
in Figure 8 shows the blood pressure taken by a mercury manometer 
from the carotid artery The lowei tracing is that of the plethysmo- 
graph C marks the closure and O the opening of the A-V communica- 
tion The excursions of the plethysmograph were graduated imme- 
diately after the experiment by introducing measured quantities of water 



Fig 8 — The upper line is a mercury manometer tracing from the carotid 
artery The lower line is from the plethysmogram of the heart The time 
recorded is in seconds At C the arteriovenous communication was closed, and 
at 0 it was opened 

into the system When the results of the graduation weie applied to 
the tracings, it was found that the excursion of this heart amounted to 
6 c c when the A-V opening was closed, and 1 1 c c when opened This 
measurement is in all probability exaggerated by the swing of tlie 
legistermg lever, but it is not surprising after the change in excursion 
has been observed m an animal experiment The time marker is in 
seconds 

Figure 9 IS a tracing taken on a fast drum to show the working 
of the plethysmograph The up stroke traces diastole and the down 
stioke systole 

These observations show how a heart may be enlarged antero- 
posterioily and fail to show by percussion or loentgen ray any trans- 
verse enlargement This is true of rvell compensated cases of initial 
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stenosis ^^hen only the light ventiicle is enlarged, and it is also true 
in exophthalmic goitei when both venti icles ai e enlarged and the auricles 
aie not The only ph}sical sign that betiays the enlai gement is the 
enlargement of the aiea of piecoidial impulse due to the light ventiicle 
pai taking of this actn ity as v ell as the apex of the left ventricle When 
a clinician establishes the evidences for antei opostei loi cardiac enlarge- 
ment, he should not lecede fiom his position because the roentgen ray 
fails to le^eal an enlargement of the precoidial aiea 


THE HEPATIC PULSE 

The ph}sical sign of stiikmg importance that lemains foi discussion 
IS the hepatic pulse It will be remembered that m three of the repoited 
cases — the two m which the A-V fistula foimed m the femoral vessels 
aftei gunshot w’ounds, and the one m wduch the fistula formed between 
the carotid and jugulai after a shaip blow from the long wooden 
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I'jg 9 — Thm plcUn smogniphic tracing is from the same experiment in which 
the tracing in Figure 8 was made, .and meiel> shows the correct working of 
the pictlw smograpli dlic time recorded is in one-fifth seconds 

handle of a mop — iheie w'eie systolic pulsations m the liver In the 
case of the woman wuth the gunshot wmund, as the artery above the 
fistula was compiessed the hepatic pulse disappeared with the caidiac 
systole that followed the arteiial compression, so that there can be no 
doubt that the systole of the light ventiicle played no part in producing 
the hepatic pulse It depended on tw^o factois an adeejuate distention 
of the ca\a, and a direct jiulse wave from the aitery into the tributaries 
of the cava In oui expeiimental animals there was no hepatic pulse 
palpable oi Msib’e wdien the abdomen was opened and the liver brought 
plamh into \iew , and in none of them w^eie we able to piocuie sufficient 
pressure m the cava to obtain an hepatic pulse It might have been 
expected that when the lumen of the aoita w^as connected with the cava 
theie would be a consideiable use in the cava pressuie, but that was 
not the case Oui expenment w^as of such short duiation that the 
increased output of the heait w'^as adequate to care foi this contingency 
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In the clinical cases the pioblem of hydraulics of blood flow must have 
been nearly, although not quite, identical with that in our experi- 
mental animal, the essential factor being the cardiac inability to com- 
pensate ovei a prolonged period for the enlarged minute volume flow 
necessitated by the arteriovenous communication 

The hepatic pulsation m our patients was not an index or measure 
of cardiac decompensation It came directly from the arteriovenous 
opening, but should the arteriovenous leak be ever so large that alone 
will not suffice to produce an hepatic pulse The pulsation of the liver 
IS not obtained until the factor of large elevation in venous pressure 
IS added The arterio-venous leak does not suffice to produce the liver 
pulse until the cava pressure increases as a result of the incompetence 
of the heart to supply the increased output demanded as a result of the 
arteriovenous flstula Under such conditions, closure of an arterio- 
^enous communication produces an amazing cure By this procedure 
the venous system as well as the myocardium profits directly The work 
of the heart is greatly lessened, and both the direct and the indirect 
source for venous stasis is corrected Our patient who was operated 
on and promptly restored to health after so long and exhausting an 
illness submitted to an examination two years after the operation He 
was then in perfect health and seemingly was concerned only about his 
pension, which had been granted on the basis of total disability 



VENIRICUL^R ECrOPIC TACTiYCARDIA COMPLI- 
CATING DIGITALIS THERAPY 

WILLr-M^r D REID, MD 
nobioN 

PaiowMiial laLli}c.iKli,i onginatingr fiom an ectopic focus in the 
\cntiiclc IS a lclalnel^ laic t3pc of caidiac aiih3dhmia Robinson and 
Hermann,’ in 192 ], found lepoils of onl3'’ sixteen cases, not all of which 
thc\ accepted as pro\ed, and to which they added foui additional cases 

11 ns t3pc of paiowsinal taclDcaidia can be dilTeientiated fiom that 
of aiinculai ongm onh b3' the help of the electrocardiogiaph Even 
then, unless the electiocaidiogiam contains the beginning oi the ending 
ol llie paio\3Sin. it is not .il\\a3s possible to determine the exact oiigin 
of the rlnthin, since it is known that in some instances of paioxysmal 
aunculai tachxcardia the ventiiculai complexes may be aberiant, due 
to impel feet conduction in the vcntiicular conduction paths dttiing the 
rapid latc- 

^Mlen the (lacing docs not contain the fiist beat of the paroxysm, 
scaich sliould be made foi evidence of the P wave, and if it can be 
shown 111, It the auricles aie beating at a difiteient late fiom that of the 
\ciUnclcs, the jiarowsm is almost suiel3 ventiiculai in oiigin Electio- 
cardiogr.mis taken shoith befoie oi aftei the paioxysm of tach3'caidia 
should be cx.imincd , if then contain isolated ventiicular exti asystoles 
winch aic an exact icpht.i of the complex wdiich is legulaily lepeated 
during the paioxNsni, it is tlic moie probable that the latter is of ectopic 
\entricu!ai oiigui 

Lewis" pointed out the iclation of ventriculai ectopic taclD^caidia 
to thrombosis in the coionan aitciy Robinson and Hermann,’ in the 
paper ahe.id3 mentioned, also emphasized the fiequent association of 
this arih3thmia with coionai3^ occlusion and infaiction of the 
nnocardium 

L.ilci Lewis and Lew ' obseivcd ventriculai ectopic tachycaidia in 
cats undei the influence of chloioform and epinephiin 


Ej-Qjn the kaboititoiy of the Boston City Hospital 

1 Rolimsoii and llcrnuinii Paroxysmal Tachycardia of Ventricular Origin, 
Hid Its Rehtion to Coronary Occlusion, Hcait 8 59 (Feb ) 1921 

2 Lewis, 1 Mechanism and Graphic Registration of the Heait Beat, 

New- York, P.iul B Hocbei, 1920, p 262 

1 Tfuis 1 The Experimental Production of Paioxysmal Tachycardia 
and th J EfTc’cts of Ligation of the Coronary Arteries Heart 1 98 1909-1910 
d Lewis and Levy Heart Tncgularities. Resulting from the Inhalation 
of Low Percentages of Chloroform Vapour and then Relation to Ventricular 
Filirillation, lleait 3 99, 1911-1912 



24 


ARCHIVES OF INTERNAL MEDICINE 


In his study of the action of strophanthin on the cat’s heart, S A 
Levine ® noted this same arrhythmia In one experiment it did not 
appear until 90 per cent of the minimum lethal dose had been injected, 
and without the previous appearance of extrasystoles 

The administration of quiiudm sulphate has been followed by the 
appearance of ventiicular ectopic tachycardia, and dogs have occasion- 
ally died with this arrhythmia ® R L Levy reports three cases in 
man Fortunately they were of short duration, lasting always less than 
twenty hours, and sometimes disappearing m the course of three hours 
after the last dose of qumidin was given Another case was reported 
W J Keir and W L Bender, ® certainly some of the curves appear 
to be axamples of ventricular ectopic tachycardia 

Eggleston and Wyckoff® noted runs of this form of ventricular 
lachycaidia m one case m their study of the absorption of digitalis in 
man , a good recover} followed C Schwensen,^® of Copenhagen, has 
reported a fatal case of ventricular ectopic tachycardia as a complication 
of the administration of digitalis The electrocardiograms of the other 
case, described in Schwensen’s paper, showed ventricular extrasystoles 
of multiple origin but not a true paroxysm of tachycardia of ventricular 
origin 

Wolferth and McMillan have recently reported four more cases 
of ventricular ectopic tachycardia They are disinclined to credit the 
action of digitalis as a cause, in their cases digitalis was used in only 
one of the four, and the weight of evidence was against the paroxysm 
of tachycardia being drug induced These same observers point out 
that the combination of auricular flutter or fibrillation with paroxysmal 
tachycardia is extremely rare (except when the latter is caused by 
drugs), until their report only one case of each having been recorded, 
both by Gallavardin 


5 Levine, S A The Action of Strophanthin on the living Cat’s Heart, 
J Exper Med 29 485 (May 1) 1919 

6 Cohn, A E , and Levy, R L Experimental Studies of the Pharmacology 
of Quinidine, Proc Soc Exper Biol & Med 18 283, 1921 

7 Levy, R L Clinical Studies of Qumidine, Arch Int Med 30 451 
(Oct) 1922 

8 Kerr, W J, and Bender, W L Paroxj'smal Ventricular Fibrillation 
with Cardiac Recovery in a Case of Auricular Fibrillation and Complete Heart- 
Block while Under Quinidine Sulphate Therapy, Heart 9 269 (Dec ) 1922 

9 Eggleston and Wyckoff The Absorption of Digitalis in Man, Arch 
Int Med 30 133 (Aug) 1922 

10 Schwensen, C Ventricular Tachycardia as the Result of the Admin- 
istration of Digitalis, Heart 9 199 (April) 1922 

11 Wolferth and McMillan Paroxysmal Ventricular Tachycardia Report 
of One Case with Normal Type ‘of Auricular Mechanism and Three with 
Auricular Fibrillation Arch Int Med 31 184 (Feb 15) 1923 

12 Gallavardin Tachycardia Paroxystique Ventriculaire, Arch d mal du 
coeur 13 121 (Mardi) 1920 Tachycardia Ventriculaire Terminale, Arch d 
mal du coeur 13 207 (May) 1920 
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CASE REPORTS 

Case l—Histoiy—A. housewife, aged SO, entered the Boston City Hospital, 
Sept 24, 1922 She complained of dyspnea, precordial pain, palpitation, a slight 
cough, swelling of the ankles and general weakness One year ago she first 
noted dyspnea on slight e\eition, this was accompanied by a mild nonproductive 
cough The symptoms had gradually increased and during the two months 
befoie she entered the hospital there had been palpitation, precordial pain and 
edema of the ankles Measles was the only disease recalled She said she 
had not had rheumatic fever, chorea, tonsillitis, pneumonia, typhoid fever, 
puerperal sepsis, any acute fever or venereal disease She weighed 200 pounds 
(90 7 kg ) , her weight had been unchanged for years 

Physical Examination — The patient was markedly cyanotic and orthopneic, 
and her expression was distressed Visible throbbing of the carotid arteries was 
noted The lungs were normal to percussion and auscultation except for a 
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Fig 1 (Case 1) — At the points marked there is an apparent interruption 
of the paroxysm Careful scrutiny of the tracing disclosses an irregular activity 
of the auricles In this and the subsequent electrocardiograms the course 
abscissas mark off periods of 02 of a second, the finer ordinates have a value of 
0 1 millivolt 

few rales at the bases The heart impulse was palpable in the fifth interspace 
outside the midclavicular line, by percussion the cardiac borders were found 
to be 4 cm to the right and 14 cm to the left of the midsternal line There 
was a systolic murmur at the apex, well transmitted to the base and to the 
left axilla A soft diastolic murmur was noted at the aortic area and well 
transmitted along the left sternal margin The rhythm was absolutely irreg- 
ular, the apex rate was from 130 to 140, the radial 98 to 110 The abdomen 
was distended There were shifting dulness and fluid wave The liver rvas 
not felt There was considerable soft edema of the lower legs The blood 
piessure was systolic 160 to 170, diastolic 110 to 120 The Wassermann reaction 
was negative 

Comse of ///ne^ 5 —September 27 The patient was much relieved, the 
edema was almost gone The heart rate was about 90, the ihythm irregular. 
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the pulse deficit almost gone The rhythm was apparently that of auricular 
fibrillation with some ventricular extrasystoles The patient was nauseated 
early in the morning 

September, 29 The patient was very restless sleeping only in naps, and 
trying to get out of bed frequently during the night She vomited in the morn- 
ing, had a cold perspiration and talked at random The heart action was 
observed to become rapid suddenly and regular This was displaced after about 
two minutes by the former irregular rhythm at the rate of about 90 per minute 
These two rhythms alternated at intervals of one to three minutes for about 
three quarters of an hour and then the regular tachycardia of a rate of about 
150 per minute became permanent An electrocardiogram confirmed the clinical 
diagnosis of v^entricular ectopic tachv'cardia 

September 31 The ventricular tachycardia had persisted and the patient 
had lost ground gradually with signs of progressive heart failure of the con- 
gestive type Death occurred two days and three hours after the onset of 
the tachycardia 
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Fig 2 (Case 2) — Ventricular ectopic tachycardia, rate 140 

Case 2 — A man, aged 63, entered the Boston City Hospital on Dec 23, 1922 
He complained of periodic shortness of breath During the past two years 
he had had attacks of shortness of breath lasting about one hour each Twenty- 
four hours before entering the hospital a similar attack began He was 
raising gas from the stomach, freely There was also a dry cough and moderate 
precordial pain with the present attack He had had excellent health until the 
present illness 

Physical Examination — This revealed considerable cyanosis, respiration 
rapid, labored and accompanied by audible tracheal rales The lungs showed 
dulness at the bases with moist rales throughout There was percussion dulness 
of the heart measuring 4 5 — 16 5 cm The rhj'thm was absolutely irregular, the 
rate rapid and a large pulse deficit was noted There was marked tenderness 
of the liver Soft edema was present from the feet to the thighs and over the 
lower part of the back 

Cow sc of Illness — ^December 24 The heart sounds were almost regular, 
interrupted by occasional extrasystoles The patient appeared to be much 
relieved 
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December 28 In the forenoon a legular tachycardia, rate 140, appeared 
suddenly This persisted until late in the afteinoon, when there were periods 
during which the heart rate was 58 pei minute and regular except for occasional 
coupling During the tachycardia there was moderate dyspnea and precordial 
pain Death occurred suddenly during the night 

Ncaopsv — ^The pericardium contained 30 c c of clear fluid The heart 
weighed 320 gm On the surface were numerous small “milk patches ” The 
coronary arteries showed on the surface as opaque, white wavy lines The 
m 3 ’'Ocardium was reddish brown , the consistency was firm The right 
auricle was somewhat dilated The cusps of the aortic valve were thickened 
and j^ellow in places, and one old fibrous vegetation persisted The mitral valve 
was somewhat thickened The measurements were tneusped valve, 14 cm , 
pulmonarj’’ valve, 8 3 cm , mitral value, 10 5 cm , aortic valve, 7 3 cm , the 
left ventricle was 1 3 — 2 cm, the light ventricle OS cm The coronal y arteries 
showed patches of sclerosis There was a moderate amount of sclerosis, in the 
aorta, most marked m the lumbar region 

Anatomic Diagnosis — The diagnosis was hypertrophy and dilatation of the 
heart, moderate arteriosclerosis of the aorta and coronaries 

Case 3 — A woman, aged 80 years, entered the Boston City Hospital on 
Feb 5, 1923 During the preceding months the patient had been dyspneic 



Fig 3 (Case 3) — Lead II, ventricular ectopic tachycardia, rate 170 Note 
transition to an alternating mechanism in the latter half of the tracing 
Lead III ventricular fibrillation About 25 to 30 seconds time elapsed between 
the two tracings 

on slight exertion There had been frequent attacks of palpitation during the two 
preceding months She had done much manual labor until six weeks before, 
when her ankles became swollen and the dyspnea and palpitation increased 
She had been confined to bed for four weeks before entering the hospital and 
had grown worse The swelling now extended to the legs and the abdominal 
wall She had had measles, mumps and whooping cough when a child and one or 
two attacks of tonsillitis each winter during childhood There was no history 
of rheumatic fever, chorea, scarlet fever, etc Her maximum weight before the 
onset of the swelling was 135 pounds (62 2 kg ) 

Physical Examination —The patient was well developed and well nourished 
She had marked dyspnea and considerable cyanosis The cervical veins were 
engorged and pulsating markedly The bases of both lungs were dull, there 
was flatness and diminished tactile fremitus at the right base below the mid- 
scapular region and extending to the right lower front There was bronchial 
breathing and egophony above this area, with a few scattered rales There 
were many moist bubbling rales in the left side of the chest The heart impulse 
was palpable in the fifth space at the anterior axillary line, accompanied by a 
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systolic thrill There was absolute arrhythmia The apex rate was 124, the 
wrist rate 78, the deficit 46 There was a loud first sound at the apex with 
systolic and mid-diastolic murmurs The pulmonic second sound was louder 
than the aortic second sound, but not accentuated The abdomen was slightly 
distended, the wall edematous, no shifting dulness was detected The edge of 
the liver was 2 cm below the costal margin m the right mamillary line 

Thick, brawny edema was present in the legs and dependent parts of the 
trunk The blood Wassermann reaction was negative 

Couise of Illness — February 6 The heart action suddenly changed to a 
regular tachycardia — rate 160 
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Fig 4 (Case 4) — Ventricular ectopic tachycardia in tracings 2 and 4 
(counting from above downward) , auricular fibrillation with ventricular extra- 
systoles replicas of the ventricular complexes m the tracing just above An 
intervals of but a few seconds elapsed between the individual tracings 


February 7 The regular tacnycardia continued but was interrupted by 
periods of a few seconds during which the heart rate was much slower, esti- 
mated at about 50 to 60 per minute 

An electrocardiogram was taken The first photograph showed ventricular 
ectopic tachycardia, and the remaining three ventricular fibrillation The patient 
was resting comfortably just before the tracing was made, death occurred 
peacefully as the ventricular fibrillation was recorded Examination of the 
anterior chest just previous to the taking of the electrocardiogram disclosed no 
rales, and no tracheal rales were audible as death ensued 
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CAsn 4 — A man, aged 47, entered the hospital on July 7, 1921, complaining of 
dyspnea and palpitation For ten months he had had a sense of constriction 
under the stcinum after exertion This had gradually become more marked 
until walking on the level caused severe precordial pain One month before 
swelling of the ankles and lower legs became manifest The patient had been 
dyspncic, weak and afflicted by a cough with free expectoration during the 
week before entering the hospital He had not had children’s diseases His 
cardiorespii atory history was negative One year before he had had an opera- 
tion in this hospital for the removal of calculi from the left kidney His wife 
died of heart disease He had four children living and well and one stillborn 
child 

Phy<!ical Evammaiiou — The patient was oithopneic Many coarse rales 
were heard in the lungs The heart impulse was in the fifth space, 2 cm 
outside the nipple line The left bordci of deep cardiac dulness was 16 cm 
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Fig 5 (Case 5) — Ventricular ectopic tachycardia, rate 174 

from the midsternal line, the right border was not obtained The rhythm was 
absolutely irregulai , no murmurs were heard The abdomen was dis- 
tended The liver was palpable 5 cm below the costal maigin in the light 
axillary line, it was slightly tender There was marked edema from the ankles 
to the knees Ihe blood Wassernlann reaction was negative 

Cow sc of Illnas — July 11 The patient had improved a little His heart 
rate varied from 98 to 110 In the moining there were runs of a regular tachy- 
cardia, rate 146, lasting from one half to one and one half minutes An 
electrocardiogram (Fig 4) showed ventricular ectopic tachycardia alternating 
with periods of auricular fibrillation and ventriculai prcmatuie beats 
July 12 1 he runs of the regular tachycardia had ceased 

Subi^cqucnt Ihsioty — There was no further appearance of the ventricular 
ectopic tachycardia The mechanism of auriculai fibrillation continued, and 
the patient’s condition itmained stationary Death from progressive failure 
of the heart occuircd on Sept 12, 1921 

Casi. S— a woman, aged 60, admitted to the hospital on Jan 7, 1923, had 
known of her heart disease since 1902, but she was not confined to bed because 
of it 
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Physical Exaimnatwn — She was moderately dyspneic, not cyanosed The 
heart impulse was palpable m the fifth space, just outside the midclavicular line, 
percussion corresponded There was a systolic murmur with a first sound at 
the apex, transmitted to the base and axilla The supracardiac dulness at the 
first space measured 2 by 1 cm 

Couise of Illness — January 12 The patient had been slightly better At 
noon the heart action changed to a fixed, regular tachycardia, rate 174 per 
minute The tachycardia persisted into the night, during which it disappeared 
An electrocardiogram (Fig 5) showed \entricular ectopic tachycardia 

January 13 The regular tachycardia returned for a few hours during the 
afternoon 

January 14 During the evening the third and last attack of regular tachy- 
cardia appeared and ceased during the night 

January IS An electrocardiogram (Fig 6) showed normal rhythm with 
multiple ventricular extrasystoles The patient died from progressive heart 
failure on January 20 
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Fig 6 (Case 6) — Normal rhythm interrupted by ventricular extrasvstoles 


DIGITALIS RECORDS 

The recent report of Eggleston and Wyckoff has shown that the 
approximate total amount of digitalis, when using preparations of stand- 
ard potency, may be calculated on the basis of one cat unit to 10 pounds 
(4 5 kg ) of body weight of the patient The tincture oEdigitalis was 
employed in the treatment of the above five patients, andr^, a tincture 
which has not deteriorated there is one cat unit per cubic I timeter 
According to Hatcher and Eggleston The amount o^i digitalis 
indicated, then, may be calculated by the simple procedure of inserting 
a single decimal point m the figure representing the patient’s weight in 
pounds, for example, if the patient weighs 153 pounds (69 3 kg ), the 

13 Hatcher and Eggleston Observations on the Keeping Properties of 
Digitalis and Some of Its Preparations, Am J Pharm 85 203, 1913 
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approximate amount of the drug is 15 3 c c H E B Pardee has 
recoided that the average daily excretion or using up of digitalis when 
using a tmctuie of standard potency, is 1 5 c c Therefore, when the 
administration of the digitalis is continued, as is usual, over a period 
of days, an allowance of 1 5 c c per day should be made for what is 
used up , the amount remaining, after subtracting 1 5 c c for each day 
of the administration fiom the total amount given, indicates the amount 
of the tmctuie of digitalis which, may be estimated to be active m the 
patient at an} given time 

In another report “ evidence has been presented which suppoits the 
belief that the tincture administered to the foregoing patients was of 
standard potency It is fully appreciated that there exists some degiee 
of error m arbitrarily using Pai dee’s average of 1 5 c c in case the 
individual patient used up the drug faster or slowei (Pardee found 10 
and 40 minims [06 cc and 2 5 cc ] the extremes) Nevertheless, the 
method offers a means of estimating the amount of digitalis that was 
active 111 the patients at the time of the appearance of the paroxysms of 
lentricular tachycardia, and it seems worth while to compare this with 
the amount indicated for full therapeutic digitalization according to the 
Eggleston method of calculation 

The digitalis records of the five patients are given below , they may, 
perhaps, be more easily visualized by a glance at the table 

C \sc 1 — Bodj V eight, 200 pounds , given 8 c c of tincture of digitalis and 
then divided doses for 4 6 days , total amount of digitalis, 50 c c Subtracting 
69 cc leaves 431 cc, which is 215 per cent of the 20 c c indicated 

C\SE 2 — Body weight 160 pounds, given 16 c c of tincture of digitalis and 
then 2 c c from four to six times a day for 5 3 days , total amount of digitalis 
88 c c Subtracting 8 c c leaves 80 c c , wdiich is 500 per cent of the 16 c c 
indicated 

Case 3 — Bodj iveight 135 pounds (before the onset of edema) , given 4 cc 
of tincture of digitalis and then 2 c c in repeated doses for two days , total 
amount of digitalis 23 c c Subtracting 3 c c leaves 20 c c , which is 148 per cent 
of the 13 5 c c indicated (The ventricular tachycardia appeared after only 
11 cc of digitalis had been given, but there was great probability that the 
drug had already been administered b}' the patient’s physician before admission 
to the hospital ) 

Case 4 — Body weight 190 pounds , given 12 c c of tincture of digitalis and 
then divided doses until the fifth day, total amount of digitalis, 49 cc Sub- 
tracting 6 leaves 43 c c , which is 226 per cent of the 19 c c indicated 

Case 5 -Jody weight 155 pounds, given 8 c c of tincture of digitalis and 
then dn doses for five days , total amount of digitalis, 35 3 c c Subtracting 
75 cc let. ;ts 27 8 c c , wdiich is 179 per cent of the 15 5 c c indicated 

As can be seen by these summaries of the digitalis records, or m 
Table 1, the amounts are well in excess of that estimated for therapeutic 
digitalization by the Eggleston method The figure of 148 per cent in 

14 Reid, W D Some Toxic Effects of Digitalis, J A M A 81 435 
(Aug 11) 1923 
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Case 3 probably does not represent the total amount of the drug which 
the patient had received 

The patient in Case 3 died from a change of the mechanism to that 
of ventricular fibrillation, as shown m the electrocardiograms (Fig 3) 
The sudden death of the patient m Case 2 during the night was quite 
possibly of similar nature This change has been observed by Lewis^® 
and others m experimental work on animals, so fai as the writer is 
aware, this is the first record of the event m a human being (that is, the 
sequence paroxysmal tachycardia of ventricular origin, ventricular 
fibrillation and death) It is worthy of mention that m both Cases 
2 and 3 the clinicians m charge of the treatment continued the admin- 
istration of the drug after the onset of the regular tachycardia In Case 
1 the drug was temporarily omitted, but after twelve hours a single dose 
of a digitalis preparation was injected subcutaneously , the regular tachy- 


Table 1 — Dtgxtahs Recoids in Cases Reported 


Reintion to Number 



Body 


Amount Cal- 

of 





Weight 

Total 

culated by 

Days to 

Digi- 




in 

Digitalis 

Eggleston 

Course of 

talis 



Case 

Founds 

in 0 c * 

Method) 

Digitahs 

Omitted 

Rhythm 

Death 

1 

200 

431 

215% 

46 

No 

Persisted 

2% days 

2 

160 

SO 

500% 

53 

No 

Persisted 

15 hours 

3 

135 

20** 

148%** 

2** 

No 

Persisted 

24 hours 

4 

190 

43 

226% 

4 

Tes 

Ceased 

2 months 

5 

155 

27 S 

179% 

5 

Tes 

Ceased 

8 days 


* After subtracting luS c c per day for the number of days the drug tvas administered 
•* Probably had received digitalis, amount unknown, before admission to the hospital 
t In the discussion of mj paper (footnote 14) Dr Eggleston said I should have used 
the figure 1 5 cat units per 10 pounds (4 5 Kg ) of body vreight ns I vas dealing with the 
galenical tincture, whereas he employed a purified tincture Correcting these figures according 
to Eggleston’s suggestion, the percentage relation is found to be 143, 333, lOO, l5o and 119 
per cent in the fiie cases, respectively In my opinion, an overdosnge is yet in evidence 


cardia persisted until the death of the patient In Cases 4 and 5 the 
prompt discontinuance of the digitalis was followed by recovery fiom 
the ventricular ectopic tachycardia, although death resulted later from 
heart failure 

CONFUSION WITH FLUTTER OF THE AURICLES 

In each case the onset of the tachycardia of regular rhythm and 
fixed rate caused a presumptive diagnosis of auricular flutter to be 
made , experience with the first case and familiarity with the reports of 
experimental work enabled me to make the correct diagnosis m the 
remaining four instances Of course, resort to graphic methods of 
examination, preferably an electrocaidiogram, was necessary to prove 
the diagnosis 

In view of what is known of cardiac physiology, it appears unwar- 
ranted to believe that the action of digitalis causes the mechanism of 

15 Lewis The Mechanism and Graphic Registration of the Heart Beat, 
New York, Paul B Hoeber, 1920, p 330 
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aiiriculai fibnllation to change to that of flutter It is well known that 
the leverse piocess, that is, flutter to fibrillation, occurs in a considerable 
percentage of cases of auricular flutter treated with digitalis , such is an 
established therapeutic measure Quinidm sulphate, it is true, often 
changes auiicular fibrillation to flutter, and perhaps this accounts for 
some of the confusion of thought on the subject Lewis and his 
co-workeis have clearly demonstiated that the wave is circulating faster 
in auiicular fibrillation than in flutter, averaging 450 m the former and 
300 m the latter T S, Hait^® has pointed out that when digitalis is 
given the auricular waves usually become smaller and more rapid, I 
have confirmed the acceleration This fact is m accoi dance with the 
extensive data on the mechanism of auricular flutter and fibrillation 
repoited by Lewis and his co-workers in a series of papers published 
m 1920 and 1921 Lewis has reaffirmed the increase of the auricular 
late, that is, the acceleration of the circus movement in flutter and fibril- 
lation of the auricles, b)' the action of digitalis 

It is because of the clinical resemblance to auricular flutter that it 
IS impoitant that ventricular ectopic tachycardia should be accurately 
diagnosed For if the regular tachycardia be thought to be due to 
fluttei of the amides, the indication would be to give more digflalis 
with the hope of restoiiiig, as not infrequently happens, the normal 
rh}thm oi at least of causing sufficient delay m the aunculoventiicular 
conduction to block some of the auricular impulses and to permit the 
\entncle to beat at a slower rate But, if the condition happens to be a 
tachycardia using in the ventricle, no amount of A-V heart block will 
a^all, and the further administration of digitalis may prove fatal 

TREATMENT 

I am unaware of any successful tieatment of ventricular ectopic 
tachycardia, and this makes the seriousness of the onset of this 
arrhythmia all the more evident Vagal stimulation and the injection 
of atropm in both small and large doses was tried without benefit 
Quimdm sulphate might be tried, but it too has caused this rhythm to 
appear 

The obvious thing to do is to remove the cause, that is, omit the 
digitalis Ventricular ectopic tachycardia, in the present state of our 
knowledge, is better to avoid than to treat 

16 Hart, T S Quinidme in Auricular Fibrillation, with Some Observa- 
tions on Its Use in Combination with Digitalis, Arch Int Med 30 593 (Nov ) 
1922 

17 Lewis et al Heart 7 127, 191, 247 and 293, 1920, 8 37, 83, 141, 171 
and 193, 1921 

18 Lewis The Action of Digitalis in Case of Auricular Fibrillation and 
Flutter, Am J M Sc 164 157 (Aug ) 1922 
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SUMMARY AND CONCLUSIONS 

Ventricular ectopic tachycardia is a relatively rare arrh}dhmia 
It cannot be differentiated from auricular ectopic tachycardia with- 
out an electrocardiogram and not always even then 

Previous reports of its occurrence, especially those in which it 
followed the administration of a drug — chloroform, quinidm sulphate, 
strophanthm and digitalis — have been mentioned 

So far as I am aware, ventricular ectopic tachycardia as a complica- 
tion of digitalis therapy in man has been previously reported only twice 
The histones of five cases in which ventricular ectopic tachycardia 
appeared during the treatment of auricular fibrillation by digitalis are 
recorded 

In one case the change to ventricular fibrillation was recorded 
electrocardiographically This is believed to be the first report in 
which the electrocardiograms show, in man, the sequence ventricular 
ectopic tachycardia to ventricular fibrillation 

The amount of digitalis administered before the onset of this 
arrhythmia was well in excess of that indicated by the Eggleston method 
of calculation 

The condition was confused with auncular flutter and more 
digitalis given to some of the patients 
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The obseivations presented in this papei weie made from Aug 16 
to Dec 31, 1922, at the State Hospital for the Insane at Sandy Gallop, 
Queensland They are supplementar}'^ to the results of an investigation 
earned out from May 15 to Oct 31, 1922, at the Hospital for the Insane 
at Goodna, Queensland ^ In the investigation at Goodna it had been 
found that patients weie being infected with hookworms of the species 
Ancylostonia dnodenalc and that the infection rates were highest in the 
waids containing the less teachable insane The institution was shown 
to be outside the belt in which there was sufficient rainfall to permit 
indigenous hookwoim infection of the white population not m institu- 
tions or mines, but experiments demonstrated that hookworm larvae 
could deielop in the soil in much diminished numbers even under the 
local winter conditions of moderate rainfall and cool weather The 
inv estigation showed also that carbon tetrachlorid was much less 
efficient in the removal of Ancylostoma duodcnale than would have 
been expected in view of the successes of other investigators using 
the drug in the treatment of Necatoi amencaiins infection 

As all the patients at the hospital at Sandy Gallop had been trans- 
ferred from the hospital at Goodna, it was to be expected that some 
of them would have an Ancylostoma dnodenalc infection that they had 
brought with them On the invitation of Dr A Morrison, medical 
supei intendent, and with his cooperation, and with the approval of 
Dr H B 5 ^am Ellerton, inspector of asylums for Queensland, all the 
patients in the hospital weie examined and the infected ones treated 
until cured by members of the staff of the Australian Hookworm 
Campaign The treatments were so aiianged that the efficiency of 
each method used could be measured by the percentage of worms 
expelled and by the number of cures 

^ The work on which this paper is based was conducted with the support 
and under the auspices of the Department of Health of the Commonwealth of 
Australia, the International Health Board of the Rockefeller Foundation, and 
the State of Queensland 

1 Sawyer, W A , Sweet, W C , and Shaw, A E Institutional Hookworm 
Disease in a Xon-Endemic Area, to be published 
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Sandy Gallop is in the outskirts of Ipswich in southeastern Queens- 
land and lies well inland from the hookworm belt, which is largely 
limited to the regions of high rainfall along the coast According to 
the Commonwealth Meteorologist, the annual rainfall is 34 52 inches, 
and the greatest amount of precipitation occurs in the summer The 
mean temperature for a representative year was 52 9 F for Jul} , 
82 3 F foi January, and 68 5 F for the year 

The wards of the Hospital for the Insane are supplied with water- 
flushed closets, and efforts are made to keep the yards as free from 
soil pollution as possible 

THE PREVALENCE, SEVERITY, AND ORIGIN OE THE INFECTION 

Examination of the feces of the 447 patients by the Wilhs salt flota- 
tion method showed that 121, or 27 1 per cent , were infected with hook- 
worms Seventy-two, or 16 1 per cent , were infected with whipworms 
(Tiiclnius tuclmna), and twelve, or 2 7 per cent, with threadworms 
{O.xyuns vo imculai is) No evidence of other intestinal worms was 
found As usual, the infection late for Oxywis veumculaus, as 
revealed by microscope, was far below the true rate, probably because 
the ova are deposited low in the large intestine where the contents are 
no longer liquid As a result the ova are not mixed throughout the 
feces and are absent from the majority of fecal specimens taken for 
microscopic examination Among 119 patients whose feces were 
examined after treatment, adult worms of this species were found in 
eighty-five, or 71 4 per cent 

The 115 female patients in the hospital had a hookworm infec- 
tion rate of 49 6 per cent , and the 332 males, of 19 3 per cent The 
highest rate m any one ward was 63 per cent in Female Ward 1, 
and the lowest rate, 8 3 per cent in Male Ward 1 All the infected 
patients were adults, and all but eighteen were of the white race 

That at least the greater part of the hookworm infection had been 
contracted before the patients were transferred from the hospital at 
Goodna to the one at Sandy Gallop is suggested by the observation 
that the number of hoolcworms harbored decreased with the length of 
stay Thirty-four patients who had more than ten hookworms had 
been at Sandy Gallop an average of 5 6 years, and eighty-five who 
yielded less than ten hookworms had been there an average of 6 9 
3 '^ears, while 326 persons free from hookworms had been in the institu- 
tion an aveiage of 8 8 years Among ninety-two patients who yielded 
hookworms following treatment, fifty-five who had been in the institu- 
tion from one to five years had an average of 21 6 worms , twenty-seven 
who had been there from six to ten years had an average of 18 6 
worms, and ten who had been there more than ten years had an 
average of only 8 3 worms One patient who had been in the insti- 
tution nineteen jears a period usually considered much longer than 
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the maximum life of the hookwoim, had forty-three hookworms, it 
would seem probable, therefore, that some infection was being con- 
tracted at Sand}'’ Gallop, although it is evident that more hookworms 
^^ere being lost than gamed 

The more frequently the infected patients had gone barefooted, the 
higher the numbei of hookworms hai bored The average numbei of 
hookworms yielded by fifty-four patients who ordinal ily wore shoes 
was 14 5, while that foi thirty-eight who usually went barefoot was 
26 2 It is likely that these patients had pieviously had similar habits 
when at the hospital at Goodna 

The ninety-two patients who yielded worms aftei treatment had 
an average hemoglobin peicentage of 73 per cent of the normal by the 
Tallqvist scale A repi esentative senes of 108 noninfected patients 
had an a\eiage hemoglobin percentage of 75 The ninety-two infected 
patients }ielded an aveiage of 19 3 hoolavorms each Since they showed 
a reduction in then hemoglobin percentage below that of the noninfected 
controls of about 2 pei cent of the normal, the reduction w'as loughly 
1 per cent of the normal for ten wmims harbored These figures are 
only a rough estimate as the method of testing the hemoglobin could 
give only approximate results, and the number of observations w'as 
small 

The results of the prehminaiy examinations showed that 27 1 per 
cent of the patients w'ere infected with hookw'orms, that the average 
infection w'as light, and that most of the infection w'as contracted 
before the patients w'eie transfer led fiom the hospital at Goodna to 
the one at Sandy Gallop 

^METHODS or TREATMENT 

Of the 121 patients found to be infected wnth hookwoims, one w'as 
too ill to be treated and anothei developed a fatal attack of lobai 
pneumonia on the ^ery day of receiving his first dose of the vermicide 
The other 119 patients w'eie divided into fi^e groups of approximately 
twent}-four persons each, and the membeis of each group w'ere treated 
according to one of the five methods given in detail in Table 1 The 
^ermlCIdes used w'cre carbon tetiachloiid, oil of chenopodium and the 
tw'O drugs in combination Caibon tetrachloiid in doses of 3 cc had, 
in the previous w'oik at Goodna, been found to be relatively so 
inefficient in removing Ancylostoma anodcnale that no further tests 
•were made of this drug in the same dosage 

There w'as no purging or starvation m preparation for treatment 
The vermicides w'eie gnen on an empty stomach, beginning at 6 30 
a m , and the midday meal w^as given m all cases at 12 30 p m The 
purge given after treatment ahva}s consisted of 45 gm of magnesium 
sulphate in w'atei The oil of chenopodium and the caibon tetrachlorid 
W'ere each given in about one fouith of a glass of w^atei and drunk 
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quickl-y by the patient The oil floated on the water and the carbon 
tetrachlorid sank to the bottom, but either was easily taken by this 
method, which is simpler than inducing insane patients to take drugs m 
capsules When both drugs were given together to patients of Group 5 
they were mixed just before administration and given with water as 
described In the treatment of a few violent patients the use of the 
stomach tube was necessary 

METHODS OF EXAMINATION 

All microscopic examinations were made by the Wilhs salt-flotation 
method ^ A sample of feces filling about one sixth of a labeled 
cylindrical, quarter-ounce specimen tin was mixed with a saturated 
solution of common table salt The mixture was stiired with a wooden 
toothpick, while the salt solution was added slowly until the tin was 

Table 1 — Plan of Ttcafincnts foi Hookzvoim Infection and Methods Used 


Time of Treatment or Group 1 Group 2 Group 3 Group 4 Group 5 

Examination 24 Patients 24 Patients 23 Patients 24 Patients 24 Patients 


First da3, 6 30 a m 


8 30 n m 


10 a m 

Second day, 6 30 a m 
First 72 hours 
21st day 
22d day 

Next 72 hours 
42d day 
43d day 

Tliereafter 


locc oilof 0 75 c c oil of 5c c carbon 10 c c carbon 0 75ec oil of 

chenopodium ehenopodium totracblond tetrachlorid chenopodium, 

5 c c carbon 
tetrachlorid 

Purge 0 76 cc oilof A B A B A B 
chenopodium 12 pa- 11 pa 12 pa- 12 pa- 14 pa- 10 pa 

tients tients tients tients tients tients 
Purge Purge Purge Purge 

Purge Purge Purge 

All stools examined for tvorms 

Feces of each patient examined by microscope (Willis method) 

All patients given 2 c c oil of ehenopodium, n two doses one hour 
apart and a purge two hours later 
All stools eximincd for worms 

Feces of each patient examined by microscope (Willis method) 
Patients still infected treated with 2 c c oil of ehenopodiumi as 
before and stools examined for 72 hours for worms 
Three veehs after each treatment the feces were examined mieros- 
copic Illy and all patients still infected were treated with 2 c c of 
oil of chenopodium, as before, and the stools were examined for 
worms for 72 hours This vas continued until all were cured 
according to the microscopic tests 


just full A clean, grease-free slide was then laid on the tin so that 
the surface of the mixture was in contact with the slide After five 
or ten minutes the slide was raised and quickly turned over The 
upper surface of the adhering pool of water was then examined for 
floating hookworm ova under the 16 mm objective of the microscope 
If no hookworm ova were found, the mixture in the specimen tin was 
again stirred and another slide applied If the second preparation 
failed to show hookworm ova, their absence was recorded 

In examining stools for hookworms the method recommended by 
Darling, Barber, and Hacker was followed ^ Every stool passed during 

2 Willis, H H A Simple Levitation Method for the Detection of Hook- 
worm Ova, Med J Australia 2 375-376 (Oct 20) 1921 

3 Darling, S T , Barber, M A, and Hacker, H P Hookworm and 
Malaria Research in Malaya, Java, and the Fiji Islands, Report of the 
Uncinariasis Commission to the Orient, Rockefeller Foundation Pub No 9, 
1920, p 28-31 
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seventy-two houis after treatment was collected and washed through 
a brass sieve of 60 meshes to the inch The residue in the sieve was 
suspended in watei in daik photographic trays, and the worms were 
picked out by painstaking systematic search They were then put into 
hot 70 per cent alcohol and set aside for -closer identification later 

All the examinations after the fiist general examination of the 
institution were made by the same trained microscopist of the Hook- 
worm Campaign He lived at the hospital during the height of the 
work, and he planned the treatments so that there would be sufficient 
time for the numeious laborious worm counts required 

RELATIVE ACCURACY OF THE WILLIS SALT-FLOTATION METHOD 

AND WORM COUNTS 

The Wilhs salt-flotation method had been shown by several investi- 
gators to be more delicate than the direct microscopic examination of 
water suspensions of feces or of the sediment obtained by centrifuging 
such suspensions It had also been found to require less time and 
less apparatus than the centrifuge method It remained to be ascertained 
how this method compared m accuracy with the search of stools for 
hookworms after a test treatment with an effective vermicide 

As has been shown m Table 1, three weeks after the first round 
of treatments all the patients m the treatment groups were examined 
both by the Willis method and by the administration of 2 cc of oil of 
chenopodium m a divided dose followed by search for hookworms m 
all stools passed during the subsequent seventy-two hours This gave 
an excellent opportunity for a comparative evaluation of these methods 
of diagnosis 

That 2 c c of oil of chenopodium, as administered m these tests, 
should remove on an average over 96 per cent of all hookworms present 
IS suggested by the fact that Smillie ^ removed this percentage of worms 
by a divided dose of only 1 5 c c of oil of chenopodium given m the 
same way to a senes of fifty-six infected persons He tested his 
results against a subsequent dose of 3 c c of oil of chenopodium, 
divided into three parts given hourly There was a preliminary purge 
the evening before this large test dose and another an hour and a half 
after the last administration of oil of chenopodium This method 
of giving 3 0 c c of oil of chenopodium is said to remove on an average 
99 per cent of the hookworms present ® As this larger test dose is not 
infrequently followed by disconcerting symptoms, it seemed preferable 

— — .1 ■ t 

4 Smillie, W G Studies on Hookworm Infection in Brazil, 1918-1920 

Second Paper Monographs of the Rockefeller Inst for Med Res , No 17, May 
12, 1922, p 68 ’ 

5 Darling, S T . and Smillie, W G Studies on Hookworm Infection in 
Brazil First Paper Monographs of the Rockefeller Inst for Med Res , No 
14 Feb 1, 1921, p 4 
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at Sandy Gallop to give 2 c c of oil of chenopodium in test treatments, 
even if this should necessitate a greater number of treatments and 
worm counts 

In testing the reliability of diagnoses of hookworm disease made 
by microscope in the field in Brazil, Darling and Smillie ® administered 
a subsequent test treatment of 3 cc of oil of chenopodium by the 
method already described, and counted the hookworms expelled The 



Fig 1 — Relation of the length of stay in the hospital at Sandy Gallop to 
the number of hookworms harbored 


method which had been used in making the preparations for microscopic 
examination in the field is not stated, but it is assumed that water 
suspensions of the feces were centrifuged and examined before the 
specimens were declared negative, in accordance with the technic in 
common use m Brazil at the time The results of these studies in 
Brazil led Darling and Smillie to the opinion that ''The use of micro- 
scopic results as an index of the cure of hookworm disease after treat- 


6 Foonote 5, pp 14 and 15 
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ment is of little value and gives a false sense of security ” “ That this 
opinion does not hold for the more delicate Wilhs method of micro- 
scopic diagnosis when tested against the search for worms expelled 
after the moderately less efficient test dose of 2 c c of oil of cheno- 
podium, IS shown in Table 2, in which the results at Sandy Gallop are 
shoivn and compared with those of Darling and Smillie m Brazil 
It IS evident that the Willis method as applied at Sandy Gallop was 
more accurate as a diagnostic measure than the counting of the worms 
expelled after a divided dose of 2 cc of oil of chenopodium The 

Table 2 — Coiitpa) isoiis of the Accuracy of Examination by Mici oscopic 

and IVornt Count Methods 


Examined bj both methods 
Eound infected by either method 
round infected bv microscope 
Eound infected by norm count 
Eercentagc discotered by microscope 
Eereentage discovered bj norm count 


Methods Used 

Methods Used 

at Sandy Gallop, 

in Brazil (after 

Queensland 

Darling and Smillie) 

119 

78 

57 

51 

55 

28 

41 

48 

96 5 

54 9 

71 9 

94 1 


T VBLE 3 — Woniis Recoveied Aftei Tieatment 


Group 

1 

2 

3 

4 

5 

lotal 

Number of persons in group 

24 

24 

23 

24 

24 

119 

Number of poisons in group jielding hoolavorms 

19 

20 

19 

17 

17 

92 

Ancvlostomn duodcnale Males 

SO 

131 

128 

146 

113 

618 

Females 

143 

272 

182 

191 

213 

1001 

lotal 

223 

423 

310 

337 

326 

1,619 

Necator americanus Males 

33 

0 

3 

18 

1 

55 

Females 

65 

2 

4 

31 

1 

103 


— 

— 

— 

— 

— 

— 

Total 

98 

2 

7 

49 

2 

158 

Total number of hookivorms 

321 

425 

317 

386 

328 

1,777 

Average number of hoolnvorms per person treated 
Average number of hooka onus per person yielding hook 

13 4 

17 7 

13 8 

leu 

13 7 

14 9 


16 9 

21 3 

16 7 

22 7 

19 3 

19 3 


greater reliability of the microscopic examinations in Sandy Gallop 
when compared with those investigated in Brazil is probably largely due 
to the advantage of the salt-flotation method over the centrifuge method, 
but it may be partly explained by the advantages of hospital condi- 
tions over routine field conditions, especially with regard to the possi- 
bility of interchanging specimens 

HOOKWORMS EXPELLED BY TREATMENT 

Of the 119 patients included in the treatment groups, ninety-tw^o 
yielded hookworms after one or more of their treatments The number, 
species, and sexes of the w^orms removed are given in Table 3 
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Ten times as many of the hookworms recovered were of the species 
Ancylostoma duodenale as of the species Necatoi amei icanus, doubt- 
less because the hospital had been infected by hookworms brought from 
Goodna, where there was a long-standing institutional infection with 
Ancylostoma duodenale The predominant hookworm of Queensland 
IS Necatoi amei icanus Only eight patients among the ninety-two 
yielded any hookworms of the species Necator amei icanus In every 
case all the Necatoi worms were expelled by the first, or trial, treatment 
There were four patients who yielded over 100 hookworms one 
patient in Group 1 expelled 103 hookworms, ninety-four of which were 
Nectatoi worms, two m Group 2 expelled 113 and 116 Ancylostoma 
worms, respectively, and one m Group 4 expelled 212 of the 
Ancylostoma species 

Table 4 — Efficiency of the Mcihods of Ticatment 


Vermicide of 
Trial Treatment 

Gioup 

> umber 
of 

Persons 

Cures After Trial Worms 

Treatment as Shovn Worms Recovered, 
by Microscopic Recovered, Subse 
Examination Tnal quent 

, Treat Treat- 

Number Percentage ments ments 

Total 

Number 

of 

Worms 

Percentage 

Removed, 

Trial 

Treat- 

ment 

1 5 c c oil of clien 
opodium, single 
dose 

1 

24 

9 

37 5 

248 

73 

321 

77 2 

1 0 c c oil of Chen 
opodium, dnided 
dose 

2 

24 

17 

70 8 

393 

32 

425 

925 

5 c c carbon tetra 
cblorid 

3 

23 

12 

52 2 

287 

30 

317 

905 

10c c carbon tetra 
chlorid 

4 

24 

15 

62 5 

370 

16 

386 

93 8 

0 75 e c oil of chen 
opodium •with 5 
e c carbon tetra 
chlorid 

5 

24 

11 

45 8 

240 

88 

328 

73 2 

Total 


119 

64 

53 8 

1,538 

239 

1,777 

86 6 


EFFICIENCY OF THE METHODS OF TREATMENT 

The efficiency of each of the five methods of treatment was mea- 
sured in terms of cures and also of hookworms removed by the 
first or trial treatment The results are given m Table 4 

The data m Table 4 permit the listing of the methods of treatment 
m the order of their efficiency as follows 

On basis of cures deteimmed by the microscope (Willts method) 

1 1 5 c c oil of chenopodium m divided dose (Group 2) 

2 10 c c carbon tetrachlorid (Group 4) 

3 5 c c carbon tetrachlorid (Group 3) 

4 0 75 c c oil of chenopodium plus See carbon tetrachlorid (Group 5) 

5 1 5 c c oil of chenopodium m a single dose (Group 1) 

On basis of percentage of hookworms removed (Fig 2) 

1 10 cc carbon tetrachlorid (Group 4) 

2 1 5 c c oil of chenopodium m divided dose (Group 2) 

3 5 c c carbon tetrachlorid (Group 3) 

4 1 5 cc oil of chenopodium in a single dose (Group 1) 

5 0 75 c c oil of chenopodium plus 5 c c carbon tetrachlorid (Group 51 
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The groups of patients were not large enough to give significance 
to moderate diiferences between the results from the several methods 
The conclusions would seem justified, howevei, that under the condi- 
tions of the tests 10 c c of carbon tetrachlorid and the divided dose of 
1 5 c c of oil of chenopodium were each more efficient than any of the 
other tliiee methods, that 5 cc of carbon tetrachlorid came next in 
efficiency and that the single dose of 1 5 c c of oil of chenopodium 
and the mixture of 0 75 c c of oil of chenopodium with 5 c c of carbon 
tetrachloi id were the least efficient The previous work at Goodna had 
shoum that doses of 3 cc of carbon tetrachlorid weie not sufficiently 
effective to wan ant their use m treating Ancylostoma infections as only 
23 1 pel cent of the patients treated by this method were cured, and 



Fig 2 — The total number of hookworms recovered from each treatment 
group and the percentage recovered after trial treatment 


the results were also very poor when measured by worm counts As 
the safety of carbon tetiachlorid in doses as large as 5 c c has recently 
been questioned and has not yet been definitely determined, the best 
method of those tested at Sandy Gallop for the routine treatment of 
infections with Ancylostoma duodcnale would seem to be the divided 
dose of 1 5 c c of oil of chenopodium 

EFFECT or THE PURGATIVE ON THE EFFICIENCY OF 
CARBON TETRACHLORID 

The three groups of patients receiving carbon tetrachlorid were 
each divided into two subgroups, A and B, as shown m Table 1 Those 
in subgroup A received the purge 3 5 hours after the veimicide was 
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given, while those in subgroup B were given the purge on the morning 
of the following day As shown in Table 5, the results following the 
early administration of the purge (Subgroups A) were the best in all 
cases, but the differences when carbon tetrachlorid was administered 
alone (Gioups 3 and 4) were not laige and may not be significant, 
considering the small series of obsen^ations The difference was more 
striking when the mixture of oil of chenopodium and carbon tetrachlorid 
was given (Group 5), and may have been related to the overcoming of 
the slight laxative effect of carbon tetrachlorid by the constipating 
action of oil of chenopodium 

The laxative effect of carbon tetrachlorid was evident when 10 c c 
of the drug were administered without a purge five of the twelve 
patients receiving this treatment had bowel movements within four 

Table 5 — Effect of the Puigahve on the Efficiency of 
Cat bon Tctiachlond 


Subgroup A Subgroup B 

/ — — ^ , « ^ 

^umbe^ Total Worms Percentage Number Total Worms Percentage 
of Pa- Number Recovered, Recovered, of Pa- Number Recovered, Recovered, 


tients 

of Hook- 

Trial 

Trial 

tients 

of Hook* 

Trial 

Trial 

Yielding 

rvorms 

Treat- 

Trent 

Yielding 

■worms 

Treat- 

Treat- 

Worms Recovered 

ment 

ment 

Worms Recovered 

ment 

ment 

Group 3 

5 0 c carbon tetra 
chlond 10 

86 

82 

95 3 

9 

231 

205 

88 7 

Group 4 

10 c c carbon tetra 
chlond 9 

279 

270 

968 

8 

107 

100 

93 5 

Group 5 

0 75 c c oil of Chen 
opodium and 6c c 
carbon tetra- 

chlond 10 

299 

231 

77 3 

7 

29 

9 

31 0 

All groups 29 

664 

583 

87 8 

24 

367 

314 

S5 5 


hours, and eight, within six hours When 5 c c of carbon tetrachlorid 
were given, only one of eleven patients had a bowel movement within 
four hours, and a total of seven had one within six hours The mix- 
ture of carbon tetrachlorid with oil of chenopodium had no appreciable 
laxative effect, none of the ten patients receiving this medication had 
a bowel movement within four hours, and only two within six hours 
There would seem to be some advantage in giving a puigative after 
the administration of carbon tetrachlorid as a vermicide 

INQUIRY INTO THE SELECTIVE ACTION OF CARBON TETRACHLORID 
AGAINST FEMALE ANCYLOSTOMES 

On learning of an unpublished observation that carbon tetrachlorid 
had a marked selective action against female worms in Necatot 
ameticamis infections and differed m this respect from oil of cheno- 
podium, the data collected at Sandy Gallop were anal 3 ’’zed to show the 
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efficiency of the treatments according to the species and sexes of the 
hookworms expelled As all the necators weie removed by the trial 
treatment, they had to be excluded from the comparisons In Table 6 
IS shown the peicentage of male and female ancylostomes lemoved by 
the first, 01 trial, tieatment of each gioup of patients It is apparent 
that, m this senes, a slightly laiger proportion of male worms than of 
female worms was removed by the first treatment m eveiy case, and 
that the differences between oil of chenopodium and carbon tetrachlorid 
in their slight selective action against the male worms were too small 
and inconstant to be of significance 

SYMPTOMS FOLLOWING TREATMENT 

There seemed to be little choice between the two drugs in the 
dosage used, so far as symptoms following treatment were concerned 


Table 6 — The Selective Action of Carbon Tetiachloiid and Oil of 
Chcnopodtum Against Male Ancylostoinci 




Total Number of 
Ancylostomes Removed 

K 

Percentage Removed by 

Tri.il Treatment 

Group 

Method of Treatment 

Male 

Female 

Total 

' Male 

Female 

Total ’ 

1 

1 5 c c oil of ehenopod 
lum, single dose 

SO 

143 

223 

80 0 

601 

67 3 

2 

1 5 c c oil of chenopod- 
ium, divided dose 

151 

272 

423 

93 4 

910 

924 

3 

5 c c carbon tetrachlorid 

128 

182 

310 

92 9 

885 

903 

4 

10c c carbon tetrachlorid 

140 

191 

837 

993 

921 

05 2 

5 

0 73 c c oil of chenopod- 
ium and 6 c e carbon 
tetrachlorid 

113 

213 

326 

761 

71 4 

73 0 

All groups 

618 

1,001 

1,619 

89 8 

82 4 

85 2 


The group showing the fewest symptoms was the one which received 
the smaller dose (5 cc) of carbon tetrachlorid Doubtless more sub- 
jective symptoms would have been reported if the patients had been 
normal mentally The symptoms observed are shown in Table 7 

As previously stated, one patient developed acute lobar pneumonia 
on the very day on which he had received his first treatment for hook- 
worm disease The vermicide used consisted of 0 75 cc of oil of 
chenopodium and 5 cc of carbon tetrachlorid, as given to Group 5 
The patient was a demented man, 35 years of age, who had been 
admitted as having alcoholic mania He died in the evening 
of the fourth day of his illness Necropsy was performed by Dr 
Morrison, superintendent of the hospital Nothing of special interest 
was found beyond vanous stages of gray and red hepatization of the 
entire left lung and engorgement and early red hepatization of the 
lower and middle lobes of the light lung The liver was not enlarged 
but appeared somewhat granular and light in color There was cloudy 
swelling of spleen and kidneys A specimen of tissue from the liver 
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was sent to Dr J V Duhig, pathologist m Bnsbane, and he reported 
that the cells of the lobules, more especially about the portal zone, 
appeared faintly cloudy with blurring of their nuclei, changes which 
might be due to the acute illness No signs of fat necrosis were noted 

CONTROL MEASURES 

At the conclusion of the investigation it was recommended that all 
patients before transfer from the hospital at Goodna to the one at 
Sandy Gallop be examined for hookworm disease, and cured if infected , 
that locked boots be worn by all patients who cannot otherwise be 
kept in boots while m the yards, that the strictest possible watch be 


Table 7 — Symptoms Obseived Afiei Treatment 




t 

Number of Patients 

A 

Vomit- Peeling 

s 

Appearing 

Group 

Drug and Dose 

Treated 

mg 

Sick 

Drowsy 

Comments 

1 

1 5c c 0 )] of chenopod 
mm, single dose 

24 

6 

0 

0 


2 

1 5c c oil of clienopod 
lum, divided dose 

24 

6 

0 

0 


3 

5 c 0 carbon tetra- 
chlorid 

23 

2 

0 

0 


4 

10 c c carbon tetra 
eWorld 

24 

6 

1 

2 

1 case of persistent vom 
iting for 48 hours 

5 

0 75 c c oil of cheno 
podium and 5 c c car 
bon tetrachlond 

24 

6 

1 

1 

Test 

treat 

2 c c oil of chenopod 
lum, divided dose 

119 

17 

2 

0 

1 case of persistent vom 
Iting for 48 hours 


maintained to keep the yards free from soil pollution, and that the 
patients be examined yearly for hookworm infection and treated if 
infected 

CONCLUSIONS 

1 In doses at present regarded as sufficiently safe for use on a 
large scale in the field, carbon tetrachlond is not as efficient as oil of 
chenopodium in the treatment of infections with hookworms of the 
species Ancylostoma duodenale 

2 Oil of chenopodium in a dose of 15 c c , given in two equal 
parts at an interval of two hours and followed by a purge, proved 
highly efficient and was superior to the undivided dose 

3 The Willis salt-flotation technic of microscopic examination of 
feces is a simple and efficient test of the presence of hookworm infec- 
tion, and compares well, as a method of determining cures, with the 
search for hookworms expelled after safe doses of oil of chenopodium 

4 Carbon tetrachlond is a mild laxative, but it cannot be depended 
on to move the bowels when used in moderate doses or mixed with 
oil of chenopodium It would seem good practice to give a purge three 
or four hours after the administration of this drug 





CLINICAL RESULTS OBTAINED WITH BACILLUS 

ACIDOPHILUS 


NICHOLAS KOPELOFF, PhD 
ward’s island, new \ork 

Bacillus acidophilus has been used successfully in the treatment of 
constipation and diarrhea ^ Howevei , it would be difficult to state 
piecisely how successful a therapeutic agent it is Neither of the 
intestinal conditions dealt with — constipation and diarrhea — permit 
exact defimtion, consequently, the interpretation of results must be 
somewhat arbitrary For this reason, if no other, it would seem 
desirable that investigators in this field present their facts as objec- 
tively as possible Obviously, there are many factois which must be 
consideied The necessity for keeping a careful record of the fre- 
quency and charactei of defecations is well recognized The dpsage 
of B acidophilus preparations is always of impoitance, but unfoitu- 
nately it is unstandardized and therefore at present has little 
significance Thus 10 cc of B acidophilus milk containing 20,000,000 
viable organisms per cubic centimeter in the hands of one clini- 
cian IS unquestionabl} more desirable than 1,000 cc containing 
10 000 viable organisms per cubic centimeter when administered b}- 
another Since the transformation of the ijitestmal flora from the 
proteolytic to the aciduric type appears to depend on a mass inocula- 
tion, the importance of ingesting large numbers of viable B acidophilus 
cannot be overemphasized It is common experience that frequently 
in treating seveie cases of chronic constipation it is necessary to 
increase the dose before obtaining beneficial results We have given 
as much as 1,500 c c of B acidophilus milk and 400 gm of lactose daily 
in some instances before alleviating the constipated condition Another 
practice that has proved valuable in difficult cases is the use of a high 
enema of B acidophilus milk, thinned with a small amount of warm 
water Generally these enemas are advised on two or three successive 
days It IS likely that in cases reported as failures, a sufficient increase 
in the number of viable organisms administered might have resulted 
in success In this connection it may also be stated that the chief 
criticism against the commercial preparations of B acidophilus now on 
the maiket is that the number of viable organisms they contain is too 
small to } leld satisfactor} results when compared with the mass inocu- 

■ ' — " I 

’’"From the department of bacteriology, New York State Psychiatric Institute 

1 Kopeloff, N Is the Action of Bacillus Acidophilus a Strictly Bac- 
teriologic Phenomenon^ J A M A 80 602-604 (March 3) 1923 Rettger, 
L F. and Chephn, H A The Intestinal Flora, Yale University Press, 1^21 
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lations made by scientific investigatoi s It is unfortunate, therefore, 
that the commercial products examined cannot bear recommendation 

It IS not only important to study the influence of B acidophilus 
on the intestinal condition as compared with the period immediately 
preceding treatment, but also to note how long any changes which 
have been induced persist In previous communications these facts 
have been indicated, and the present report is concerned with the 
continuation of such an investigation The female psychotic patients 
under treatment for constipation were twenty-seven in number, in 
addition to which there were also three mentally normal subjects Two 
more subjects, one of them psychotic, were under treatment for diar- 
rhea The procedure and technic have been descnbed elsewhere The 
B acidophilus milk which was administered varied from 110,000 000 
to 440,000000 viable organisms pei cubic centimeter, with an average 
of about 200,000,000 per cubic centimeter Recent radiographic 
examination to determine intestinal motility in some of the patients 
caused them to be divided into two equal groups showing atonic and 
spastic constipation 

In Table 1 are included the results of the treatment of constipation 
and diarrhea with B acidophilus milk It will be seen that this table 
has been so arranged as to show three periods Before treatment, 
during treatment and after treatment Under each period there are 
two columns, the second showing the number of days of observation, 
the first showing the number of days during which the normal defeca- 
tions occurred More than one normal defecation per day has been 
counted as only one defecation so as not to confuse the main consid- 
eration The period after treatment has been divided into two parts 
the first, to show the efitect of continuing the ingestion of lactose 
alone , the second, comparable to the pei lod before treatment The 
final column of “Remarks” indicates the reasons for discontinuing 
treatment Whenever this is blank, it is to be understood that 
observations are being continued 

If the data for patients 1 to 7 are examined in some detail, it will 
be seen that without exception there has been a significant increase in 
the number of defecations during treatment with B acidophilus milk 
and lactose as compared with the period before treatment In several 
instances this is striking, when the severity of the constipation is con- 
sidered Thus patients 1, 3, 4 and 6 had one defecation per week 
or less before treatment and three or more defecations per week dur- 
ing treatment Patients 1, 2 and 5 had almost daily defecations during 
treatment Patient 8 was disturbed throughout the treatment, fre- 
quently refusing and sometimes spilling the milk She has failed to 
respond to treatment which has not been as intensive as desired 
While it is not feasible to include all the data concerning the amount 
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and character of the feces of the patients under observation, in almost 
e^er3 instance there has been recorded an increase in the amount of 
feces as well as a change in color and consistency The feces usually 
became lighter in color and much softer in consistency Patients 9 to 
12 are of special interest since they have been gnen lactose alone 
following the period during which they received B aadophilus milk 


Table 1 — The Influence of B Acidophilus Milk on 
Constipation and Diaiihea 
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* B ncidophilus milk but no lactose 

and lactose This was done in order to determine whether the bene- 
ficial effects of B aadopJulus could be prolonged by supplying carbo- 
hydrate in sufficient quantity for bacterial development It will be 
seen that Patient 9 had forty-one defecations m two months while 
receiving B aadophilus and lactose, and on lactose alone she had fifty- 
seven defecations in a slightly longer period, indicating that the bene- 
ficial effect persisted for at least this length of time For a little over a 
month following this, during which feeding of lactose was stopped, 


so 
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this patient continued to have almost daily defecations as compared 
with eight defecations per month in the period of observation preceding 
treatment Patient 10, who had only one defecation in the veek 
preceding treatment and then had forty-seven defecations in fifty days 
while receiving B acidophihis and lactose, continued favorably for four 
months when taking lactose alone However, when the lactose admini- 
stration was discontinued, she became severely constipated again Pi ac- 
tually the same course was run by Patient 11 Patient 12 usually 
responded to treatment, although the figures here presented, 109 defeca- 
tions in 189 days while receiving B aadophilus and lactose, do not indi- 
cate that for the last two months of this six month period she had 
fift3f-se\en defecations m sixt^'-four days However, when B acido- 
philus was discontinued, a retrogression to her original condition 
occur! ed From an analysis of these few cases it seems likely that 

the beneficial effects of B acidophilus treatment can be prolonged by 
the use of lactose, even after the ingestion of viable organisms has 
stopped The alternative explanations thus suggested are first, that 
the lactose furnishes a suitable medium for tlie development of B 
acidophilus in the intestine and perpetuates the transformation of the 
intestinal flora, or second, that the lactose alone is responsible for the 
relief of constipation While it is generally accepted that lactose has 
laxative properties, nevertheless its use has never been accompanied b} 
such uniformly good results as have been obtained with B acidophilus 
In order to obtain further data along these lines, there has been included 
in Table 1 a series of Patients 13 to 19 who have received B acido- 
philus milk and lactose as against another series — 20 to 27 — who have 
received B acidophilus alone Patients 13 to 18 showed a striking 
increase in the number of defecations while receiving B acidophilus 
milk and lactose as compared with the period before treatment Thus, 
Patients 13 to 17, who had about one normal defecation in two weeks 
before treatment, had a defecation every other day after treatment 
Patient 19 is still receiving treatment because of her failure to respond 
As might be expected the normal subjects, 28 to 30, yielded results 
identical with those obtained with psychotic patients Patients 20 to 
27 have received B acidophilus milk without lactose Here again 
there is a sti iking increase m number of defecations during treatment 
as compared with the preceding period of observation The last three 
patients — 25 to 27 — have received treatment only two weeks and there- 
fore cannot be expected to show such marked improvement A com- 
parison between the patients receiving B acidophilus milk and lactose 
and those receiving lactose alone leads to the conclusion that the bene- 
ficial efiect of B acidophilus treatment depends rather on the viable 
organisms than on the laxative properties of the lactose In fact 
Rettger and Chephn in their comprehensive investigation have estab- 
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lished the lelatne ^alue that attaches to the feeding of B acidoplnlns 
with and without different sugais, and these data coiioboiate then 
findings 

Theie lemain the diaiiheal subjects still to be consideied The 
first of these, Patient 31, was psychotic She averaged appi oxiinately 
six defecations a day All medical eftoits to alleviate hei condi- 
tion veie without a\ail On tieatment with B acidophilus milk without 
lactose the numbei of defecations was greatly i educed, and foi the 
last ueek of tieatment she had onl}^ one defecation a day The othei 
subject. No 32, piesented a similai condition in lessei degiee, and 
vas soon benefited 

One of the most impoitant questions which aiises m connection 
with the theiapeutic value of B acidophilus is whethei the relief 
obtained fiom constipation and diaiihea is peimanent oi ineiely tiansi- 
toiy From the data piesented m Table 1 theie is no doubt that the 
beneficial effects of B acidophilus are in evidence so long as the tieat- 
ment IS in piogiess liow^evei, if attention is diiected to the peiiod 
following tieatment wdien neithei B acidophilus noi lactose was ingested 
some inteiesting facts aie disclosed With the exception of tw^o cases, 
those of Patient 8, wdio ne\er fully responded to tieatment and 
Patient 12, the numbei of normal defecations m the penod followung 
tieatment has been gieatei than in the peiiod befoie tieatment The 
length of time of the penod followung tieatment is of significance in 
inteipreting these lesults It has vaiied fiom six to 341 da}s Foi a 
period of less than thiee months followung tieatment the beneficial 
effects have peisisted in all but one instance The cases of the four 
patients wdio have been obseived foi moie than foui months following 
tietament aie worthy of a detailed account Patient 2 has had 195 
defecations m 270 da-^s followung tieatment Dm mg the thiitv da}s 
pieceding the wuitmg of this papei this patient had twent}-se^en 
noimal defecations eight months aftei tieatment How^evei, it must 
be mentioned that the amount of feces excieted has diminished pei- 
ceptibly. so that this patient has been advised to take lactose Patient 3 
has had 236 defecations m 341 days followung tieatment, as compaied 
with eleven m 103 days preceding tieatment During thiit} days, 
nine months after tieatment, she had sixteen defecations Patient 5 
had 133 defecations in 137 da}s followung treatment, as compared 
wuth ninety-five defecations m 116 da}S pieceding tieatment Follow^- 
mg a g}uiecologic opeiation and hei paiole of thiee months, she 
hecame severely constipated The last subject. Patient 7 had 129 
defecations m 169 days followung tieatment, tw^entj'-three m the thirty 
da}s preceding the writing of this papei 

In geneial, then, it may be stated that the beneficial effects of 
B acidophilus have peisisted foi a consideiable period of time sub- 
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sequent to treatment, m fact, for more than eleven months How- 
e^er, it must be recognized that there is a perceptible tendency towaid 
diminution m the amount of feces excreted This might be favorabl) 
influenced by the continued use of lactose, as has been indicated Thus, 
the improvement m Patients 9, 10, 11 and 12, who took lactose from 
two to four months following the ingestion of B acidophilus was 
retained in a satisfactory manner 

TRANSFORMATION OF INTESTINAL FLORA 
The transformation of the intestinal flora is an important con- 
sideration in B acidophilus therapy As has been already stated, a 
ueekl} micioscopic examination of the feces has been made, and the 
relatne percentage of gram-positive and gram-negative bacteria 
recorded Further, the feces have been plated on whey agar and the 
percentage of B acidophilus colonies reported Because of the space 
that would otherwise be required, these data have been summarized m 
Table 2 A final column has been added showing the number of days 
during which one or more normal defecations occurred in the thirt} 
da}s subsequent to the time the bacterial counts indicated were made 
It should be stated that the highest percentage of gram-positive bacteria 
general!} occurred simultaneous!} with the highest percentage of B 
acidophilus colonies on the plates, but this was not invariably the case 
The number of defecations is recorded for the thirty days following 
the highest microscopic count of gram-positive organisms 

There are several interesting facts re\ealed m Table 2 The most 
'mportant of these is that the highest percentage of gram-positive 
bacteria m the feces is an almost certain index that the number of 
1101 mal defecations will be highly satisfactory subsequently for at 
least thirty da}S Thus, with the exception of Patient 6, vho received 
no treatment following the highest count, Patient 8, who was too dis- 
turbed to react favorably, and Patient 27, who m twenty days failed 
to respond to treatment, all of the cases averaged two or more defe- 
cations m three days Many of these had almost daily defecations 
It should be remembered that most of these patients suftered from 
severe constipation prior to treatment (Twelve of the twenty-two 
patients recorded had one defecation or less per week, and the remainder 
did not ha\ e many more ) These figures point directly toward the 
conclusion that the transformation of the intestinal flora is responsible 
for the improvement of the patients under consideration A detailed 
examination of the data m Table 2 again shows that the highest micro- 
scopic counts of gram-positive bacteria fall considerably below 100 
per cent In fact, 85 per cent is the highest figure recorded About 
two thirds of the counts are above 50 per cent , as compared with an 
a\erage count of about 16 per cent of gram-positive bacteria before 
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tieatment The microscopic counts and the plate counts are not in 
good agieement, foi in half the cases the micioscopic count is highei 
than the plate count, and vice versa, due to the presence of dead 
bacteiia in the microscopic coilnt It is interesting, howevei, to note 
the condition of the patients showing 100 pei cent of B acidophilus 
in then feces, namely. Patients 13, 22. 23 and 24 The first thiee of 
these had practically dail} noimal defecations, vhile the last did not 
lespond so perfectly to tieatment This again indicated that a tians- 
foimation of the intestinal fioia to the aciduiic type is lesponsible foi 
an inciease in the numbei of noimal defecations It is of inteiest in 
this connection to mention again the fact that in tlnee patients, namely, 

Table 2 — Relative Pciccntagc of Giaiit-Positivc Bacfciia in Fccts 


Highest Pei cent ago of 

Grain-Positiie Bactcii i ^umber of formal 

* . Defecations foi 
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Plate Peicentage of 

Succeeding 

iinbcr K inic 
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B Acidophilus 
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94 

26 
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6S 
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30 
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♦ 
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4 
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35 

1 

22 

5 
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04 

70 

29 

6 

S Pz 

SO 

50 

11* » 

7 
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37 

4 

26 
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R Sn 

70 

SO 

14 

t) 

C Et 

Sj 
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26 

10 

M Et 

62 

50 

23 

11 

B Rr 

7S 

11 

30 

12 
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52 

50 

20 

IS 
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S5 

100 

2S 

14 

M Hou 

4S 

OS 

21 

15 
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So 

65 

20 

16 

M P\ 

39 

r> 

11 in 17 dn>s 

17 

A Dz 

70 

3 

13 

IS 

E Sh 

16 

* 

5 m 7 dajs 

19 

E Bt 
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incomplete 


20 

E Hh 

Rccoid 

incomplete 


21 

A Hn 

Rccoid 

incomplete 


22 

0 Sn 

54 

100 

16 m 17 da\s 

23 

I Gr 

43 

lOO 

2S 

24 

A Br 

37 

100 

15 

2'i 

B Sn 

Record 

incomplete 


20 

S Sin 

Rccoid 

incomplete 


27 

A S^ 

34 

0 

0 in 20 dajs 


* iSot counted Discontinued tieatment 

Patients 3, 5 and 12, theie weie lecoveied fiom the feces viable B 
acidophilus in consideiable numbei six months aftei tieatment had 
been discontinued 

COMMENT 

Any inteipietation of the lesults of this imestigation must take 
into consideration its inheient difficulties As stated at the outset, a 
discussion of constipation ln^olves aibitrai} standaids While the 
number of subjects has been limited, the eftoit has been made to study 
them in such a wa} as to make compaiisons valid In any event the 
obvious benefits obtained by the use of B acidophilus m cases of consti- 
pation and dianhea can scaicely be questioned A discussion of the 
mechanism of its action is iesei\ed foi anothei communication 
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SUMMARY 

1 A senes of thirty constipated subjects were undei observation 
before, during and after treatment with B acidophtlus A comparison 
of these periods shows that during treatment the number of normal 
defecations was significantly increased 

2 The beneficial influence of B acidophilus usually persists for a 
considerable period of time after treatment has been stopped Patients 
have been obseived for from one week to about one year after treat- 
ment, and almost without exception all have had more normal defeca- 
tions after than before treatment 

3 The use of lactose dm mg and after ingestion of B acidophilus 
does much to enhance the beneficial effects 

4 A transformation of the intestinal flora from a proteolytic to 
an acidunc type as shown b) microscopic and plate counts may 
generally be induced Such tiansfoimation is usually accompanied by 
almost daily defecations regardless of the severity of the constipation 

5 Two cases of diarrhea have been successfully treated by the 
ingestion of B acidophilus 



STUDIES ON THE NATURE OF BACILLUS 
ACIDOPHILUS THERAPY ^ 


NICHOLAS KOPELOFF, Ph D , and PHILIP BEERMAN 
ward’s island, new YORK 

The lelief obtained fiom constipation and diarrhea by the use of 
B acidophilus has been inteipieted in seveial ways In previous com- 
munications it has been shown that the action of B acidophilus milk 
IS neither strictly physical nor chemical, that is, does not depend 
upon volume or chemical constituents, but appears to be essentially a 
bacteriologic phenomenon This conclusion was based on the fact 
that neither sterile skim nulk nor stenhzed B acidophilus milk influ- 
enced constipation, as did B acidophilus milk in which the viable 
oiganisms were uninjuied The foiegoing experiments weie open to 
some ciiticism on the giound that steiihzmg B acidophilus milk caused 
a change m chemical composition This study was theiefore extended 
along somewhat different lines 

In order to feed B acidophilus milk in which the viable organisms 
weie eliminated, the following procedure was adopted B acidophilus 
milk piepared in the usual way was centrifuged, and the supernatant 
liquid was put through a Handler diatomaceous filtei The laboi 
involved was time consuming It was thiough the couitesy of Di 
Charles Kiumwiede, assistant dnectoi of the Research Laboi atones 
of New York City Health Depaitment, that we were able to use a 
Sharpless supercentiifuge, which greatly facilitated the pieliminary 
work The liquid was then run through a “Vaccu-Filter,” a coaise 
Handler diatomaceous filter, and finally through a fine Handler filtei 
This filtrate was always tested for steiility on whey agar plates and 
was fed to patients as “bacillus acidophilus filtrate,” 900 c c per day 
This amount is roughly equivalent to the liquid poition of 1,000 cc of 
regular B acidophilus milk An attempt was made to feed the residue 
from the supercentiifuge which contained viable B acidophilus organ- 
isms, for comparison with the filtrate, but, unfortunately, the supply 
was not continuous, and theiefoie the results were inadequate In 
stating in our previous communication the results of feeding stenhzed 
B acidophilus milk, mention was made of the fact that the acidity of 
B acidophilus milk was neutiahzed prior to sterilization This pro- 
cedure obviously affected the lactic acid content Consequently, m 

From the Department of Bacteriology, New York State Psychiatric Insti- 
tute, Ward’s Island, New York City 

1 Kopeloff, N Is the Action of Bacillus acidophilus a Strictly Bacteriologic 
Phenomenon^ J A M A 80 602-604 (March 3) 1923 Clinical Results 
Obtained with B acidophilus Milk, Proc Soc Exper Biol Med, May 16, 1923 
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continuing the feeding of steiilized milk in the piesent study, chemically 
pure lactic acid was added to sterilized B actdophihis aftei stei ilization 
m an amount equivalent to the acidity as pi eviously titrated by twentieth 
normal sodium hydioxid In accoi dance with the geneial plan of oui 
B acidophilus studies, the subjects were psychotic patients, numbers 
thirty-five to thirty-eight being male and the others female Observa- 
tions as to daily defecations wei e recorded prior to treatment 

In Table 1 are presented the results as obtained with B acidophilus 
milk prepared in the manner described above Considering first the 
influence of “B acidophilus filtrate” on constipation, it will be seen that 
m general there is little, if any, difference in the relative nuinbei of 
noimal defecations in the period during which Bacillus acidophilus 
filtiate was ingested as compared with the period before treatment 

The Influence on Conshpahon of B Acidophilus in Vanous Foims 


Before 
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k 

Sterilized Bacillus 
Acidophilus Milk 
+ Lactic Acid 
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0 
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5 

35 

2 

14 

6 

36 

13 

24 

19 
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12 
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6 

21 

16 

38 

7 

23 

35 

E Oj 

6 

19 

8 

21 

8 

22 

10 

21 

36 

S Ms 

13 

21 

17 

21 

16 

22 

19 

22 

37 

A Jn 

5 

17 

14 
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17 

fs 

3S 

H On 

0 

17 

9 

21 



11 

21 

39 

J Qn 

10 

16 

16 

21 



12 

21 


* Normal 

This is to say, that the chemical constituents of B acidophilus milk, 
including the acid reaction, are not effective in alleviating constipation 
Neithei does the physical factor of volume exert much influence, since 
the patients received 900 c c of Bacillus acidophilus filtrate daily The 
patients were subsequently given regular B acidophilus milk, and it 
will be seen that with one exception all patients showed some increase 
m the number of normal defecations This is not as striking as might 
perhaps have been anticipated, but it must be remembered that the 
patients had been permitted to become extiemely constipated before 
obtaining B acidophilus milk Furthermore, the beneficial effects of 
B acidophilus aie oidinanly greatly enhanced by lactose which was 
not given in the present instance in order to avoid complicating the 
interpretation of results These data, therefore, lend further support 
to the conclusion that B acidophilus therapy is more strictly bacterio- 
logic than it is chemical m nature It is manifest that any bacteriologic 
phenomenon maj’’ be legarded as biochemical in character, and conse- 
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quently that of B actdoplnlus is no exception We ha\e tried to detei- 
mine wheie the chief emphasis belongs Are the laxative qualities of 
B acidophilus milk due mainly to the physical factor of volume^ We 
ha\ e shown that this is not the case Are they due to the chemical 
constituents elaborated by bacteria’ These experiments would tend to 
disprove that contention Are they due chiefly to the transfoimation of 
the intestinal flora as here indicated, and therefore essentially bacterio- 
logic in nature^ Further evidence of this may be found in data presented 
elsewhere, namely, that the beneficial effects of B acidophilus persist 
foi a consideiable period of time aftei discontinuing treatment Also 
It IS important to note that viable B acidophilus organisms have been 
lecoAered from the feces of patients six months aftei discontinuing 
treatment 

Again, when the results of feeding steiihzed B acidophilus to which 
lactic acid has been added, are considered, it will be seen that theie 
IS little evidence of any relief of constipation during this period as 
compaied with the period before tieatment The physical factoi of an 
iiici eased lolume was present of course Howevei, when regular 
B acidophilus milk was added to the diet, in all but one instance an 
increase in the number of noimal defecations was noted While this 
inciease is not sti iking, when all the facts are surveyed they again 
indicate that it is a bacteriologic rather than a chemical interpretation 
that will account for the action of B acidophilus 

It has been shown how B acidophilus affects elimination from the 
human intestinal tract, but the reason for this is a more difficult problem 
The results here leported are to be regarded rather as suggestue than 
as final, since the studies are still in piogiess However, there seems 
to be a sound basis for considering that B acidophilus therapy is essen- 
tially bacteiiologic in nature 

SUMMARY 

1 In order to study the influence of physical and chemical factors, 
B acidophilus milk was centrifuged and run through a Handler dia- 
tomaceous filter Thus the chemical constituents were little altered 
When fed to constipated patients it was practically without effect 
Regular B acidophilus milk ingested subsequently lesulted m an 
increase m the number of normal defecations 

2 B acidophilus milk was sterilized and lactic acid added, thus again 
approximating the original chemical composition When fed to con- 
stipated patients, little change was noted Regular B acidophilus milk 
ingested subsequently resulted in an increase in the numbei of normal 
defecations 

3 These data indicate that B acidophilus therapy is essentiall} 
bacteiiologic lather than physical oi chemical m nature 



DISTURBANCES OF RENAL FUNCTION IN 
PERNICIOUS ANEMIA ^ 

EDWARD J STIEGLITZ MS, MD 

CHICAGO 

In pernicious anemia theie is frequently evidence of mild renal 
damage, manifesting itself by albumin, casts or both m the urine Up 
to the present time it has been assumed that this renal irritation or 
damage is a result of malnutrition and anoxemia of the kidneys because 
of the anemia On the other hand, the incidence of albuminuria and 
other clinical evidence of renal disturbance is low in cases of secondaiy 
anemia The hemol}'tic intoxication of peinicious anemia may also 
injure the kidneys directly, but it has long been known that in 
pernicious anemia there is a superabundance of “fiee’ or inorganic 
lomzable iron in the blood and tissues That the deposition of iron m 
the kidneys may cause mild nephntic changes m experimental animals 
was demonstrated seieral years ago The presence, therefoie, of renal 
hemosiderosis might be responsible foi the renal disturbance in per- 
nicious anemia It was with this in mind that the following investi- 
gation was undei taken The problem will be discussed along the 
following lines the incidence of lenal damage in pernicious anemia, 
Its clinical and functional characteristics, the pathologic nature of this 
renal disorder, especially the presence, nature and degree of renal 
hemosiderosis, the effect of the deposition of iron in the kidney on 
renal function, and lastly, the con elation of these data 

The incidence of renal disturbance of a mild degree in pernicious 
anemia is high Cabot “ gives a 46 per cent incidence of albuminuria 
in 506 cases of pernicious anemia In fifty cases which have now 
been compiled from the recoids of Johns Hopkins Hospital, thirty-one, 
or 62 per cent , showed urinary albumin, casts, or both In 100 cases 
from the Presbyteiian Hospital, Chicago, 57 per cent gave the same 
indication of renal impaiiment The average incidence in these several 
groups IS 50 per cent On the other hand, m 100 cases of secondary 
anemia associated with a great variety of diseases from the Presbyterian 
Hospital, Chicago, albuminuria was present m only 14 per cent And 
of these fourteen, four had nephritis or lesions of the uiinary tract 
which were major factors in pioducing the anemia The difference in 
the occurrence of albuminuria in the two types of anemia is striking 

* From the Department of Medicine, Johns Hopkins Hospital Baltimore 

1 Stieglitz Am J Anat 29 33, 1921 

2 Cabot in Osier and McCrae Modern Medicine, Philadelphia, Lea & 
Fehiger 4 , 628 
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The average age of patients suffering from pernicious anemia with 
albuminuria is the same as for those without, but the gioup showing 
albuminuria show, on the average, a lower hemoglobin percentage than 
the group with negative uiine findings The aveiage hemoglobin con- 
tent of the blood for the 150 cases of pernicious anemia was 41 pei 
cent , the average of the albuminuric cases was 36 per cent and for 
those without albumin 46 per cent The significance of this fact will 
be discussed later 

The clinical character of the renal disturbance has been studied b} 
many, notably Christian,^ Mosenthal ^ and Tileston and Comfort “ As 
far back as 1898 Albutt® described a rather fixed, low uiinary specific 
gravity in connection with this disease Essen and Forges ^ report 
twelve cases of pernicious and secondaiy anemia in which the lenal 
disturbance became severe when the hemoglobin of the blood fell below 
30 per cent , the kidneys then functioned with a minimum of effort 
Christian,® working with the Mosenthal ® modification of the dietary test 
foi lenal function first suggested by Hedinger and Schlayer studied 
the lenal function in fourteen cases of pernicious anemia He found 
that the renal function as evidenced by the ability of the kidney to 
concentrate the urine and respond to diuresis was similar to that found 
m chronic nephritis The fixation of the urinary specific gravity was 
most marked when the hemoglobin was low, and if the anemia had 
persisted for a long tune permanent renal impairment might occur 
Christian suggested that this disturbance of the ability of the kidney to 
concentiate the urine was due to the anemia, and depended on nutri- 
tional deficiency or toxic disturbance The phenolsulphonephthalein 
secretion was found to be about normal This finding was confirmed 
by others Mosenthal gave exactly similar findings with the test 
that bears his name On the other hand, Cabot makes no mention 
of renal disorder in his studies of pernicious anemia 

3 Christian, H A Renal Function m Anemia, Arch Int Med 18 429 
(Oct) 1916, Boston M & S J 174 656, 1916 

4 Mosenthal, H O Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen, and the Specific Gravity of the Urine, Arch Int 
Med 16 733 (Nov) 1915 Mosenthal, H O, and Lewis, D S A Comparatne 
Study of Tests for Renal Function, J A M A 67 933 (Sept 23) 1916 

5 Tileston, W, and Comfort, C W The Total Non-Protein Nitrogen 
and the Urea of the Blood in Health and Iin Disease, as Estimated by Folin’s 
Methods, Arch Int Med 14 620 (Nov ) 1914 

6 Coupland, Sidney, in Albutt System of Medicine, 1898 

7 Essen and Forges Wiener Arch f inner Med 5 195, 1922 

8 Christian, H A Arch Int Med 18 429 (Oct ) 1916 

9 Mosenthal Arch Int Med 16 733, 1915 

10 Hedinger and Schlayer Deutsch Arch f klin Med 64 120, 1914 

11 Mosenthal J A M A 67 933 (Sept 23) 1916 

12 Cabot Am J M Sc 120 139, 1900 



60 


ARCHIVES OF INTERNAL MEDICINE 


Urobilin in increased quantities in the urine has frequently been 
described The mechanism of the formation of urobilin is still in 
doubt/® but it is increased m any disease in which hemolysis is 
exaggerated Kahn and Barsky report that there is relatively 
little alteration in the phenolsulphoneplithalein test of Rountree and 
Geraghty 

Our own results confirm these findings m six cases studied by the 
Mosenthal test, while eighteen phenolsulphonephthalem tests gave an 
average secretion of 65 per cent of the dye in two hours As Christian ® 
points out, the fixation of the specific gravity and the increase of the 
night over the day volume of urine was noted as being most marked 
in the cases with the most marked anemia The only abnormal finding 
m the blood chemistr}^ of these cases was a uniform but slight increase 
m the uric acid content The average in five cases was 4 2 mg per 
100 cc of blood, varying from 3 96 to 4 42 The nephritis of per- 
nicious anemia is rarely, if ever, of such a degree as to be a marked 
factor in the prognosis 

The significance of the fixation of the specific gravity and the 
retardation of water elimination is particularly important in connec- 
tion with the effects of iron deposition in the renal cells as discussed 
m a previous paper ^ and further elaborated in this 

The pathologic aspect of the renal changes of pernicious anemia that 
have been described clinically, is not so clear No uniform pathologic 
changes are found grossly m the kidney at necropsy In the protocols 
from the pathologic laboratory, Johns Hopkins Hospital, of necropsies 
of thirty-six cases of pernicious anemia, 83 per cent of the cases 
showed a renal pathologic condition The most common and uniform 
finding was tubular degeneration, often fatty in chaiacter, which 
occur! ed m 53 per cent of all the cases In 42 per cent of the cases 
there was a gross renal hemosiderosis The presence or absence of 
iron was not mentioned in the protocols of 44 per cent of the cases, as 
no special search was made for iron at the time The actual incidence 
of slight or microscopic hemosiderosis must be higher, especially in 

13 Bauman, L Chemistry and Clinical Significance of Urobilin, Arch 
Int Med 28 475 (Oct) 1921 Mueller Ztschr f khn Med 12 45, 1887, 
Kong f inner Med 11 118, 1892 

14 Schneider, J P Anemia, Arch Int Med 17 32 (Jan) 1916, Study of 
Bile Pigments in Pernicious Anemia, J A M A 74 1759 (June 26) 1920 

15 Kahn and Barsky Chemistry of Pernicious Anemia, Arch Int Med 
23 334 (March) 1919 

16 Rowntree and Geraghty J Pharmacol & Exper Therap 1 597, 1909 
Rowntree, Fitz and Geraghty The Effects of Experimental Chronic Passive 
Congestion of Renal Function, Arch Int Med 1 121 (Feb ) 1913 



STIEGLITZ— PERNICIOUS ANEMIA 


61 


view of our finding this condition in fourteen of fifteen cases The 
piotocols of twenty-five cases of pernicious anemia in which necropsy 
was perfomied at the University of Pennsylvania, showed that chionic 
parenchymatous nephritis was found in 36 per cent and fatty changes 
in 24 per cent From these data no far-reaching conclusions may be 
drawn, but one can say that the most characteristic change in the 
kidney of pernicious anemia is parenchymatous, tubular degeneration 
The second, and probably more important, finding is the renal 
hemosiderosis In the series mentioned it was noted giossly in 42 per 
cent of the cases Waithin^' leports a series of eight cases of per- 
nicious anemia carefully studied, in all of which he found lenal 
hemosiderosis He concludes that the non is deposited en route to 
excretion Nothnagel stated that the kidneys are usually pale, but 
often show a coffee brown color by transmitted light, he also described 
fatty changes and iron granules in the cells of the convoluted tubules 
Since Menghis in 1746 first found iron to be a constituent of the 
blood, iron metabolism and the distiibution of the element has been 
much studied Wells gives a very complete summary of the chemical 
changes in the blood and tissues in pernicious anemia Erben states 
that in permcius anemia the blood pioteins are decreased, both in the 
serum and coipuscles, but are increased per corpuscle The proportion 
of water is much increased m the blood Cholesterol is decreased in the 
total blood, but is increased pioportionally in the corpuscles The 
total iron of the blood is less than normal because of the great reduc- 
tion of the number of erythroplastids, but the serum contains more 
than the normal amount of iron The proportion of iron per corpuscle 
is also increased, as indicated by the high color index so characteristic 
of pernicious anemia Erben furthei states that the concentiation of 
iron in the erythroplastids is greater than the concentration of hemo- 
globin would warrant, and he concluded that either the hemoglobin was 
particularly iich in iron, or that iron was present m some other form 
Rumpf confirms these analyses of Erben and adds that there is an 
increased sodium chlorid content of the tissues, associated with a 
marked poverty of potassium Fowell again confirmed the finding 
of an excess of free iron in the blood That there is an increased 
elimination of iron in the urine has been shown by Kennerknecht,-^ 

17 Warthm Am J M Sc 124 674, 1902 

18 Nothnagel Specielle Pathologic u Therapie 7 175, 1913 

19 Wells Chemical Pathology, Ed 4, Philadelphia, W B Saunders 
Company, 1920 

20 Erben Ztschr f klin Med 40 266, 1900 

21 Rumpf Berl khn Wchnschr 38 477, 1901 

22 Fowell Quart Jour Med 6 179, 1913 

23 Kennerknecht Virchow’s Arch f Path u Physiol 205 89. 1911 
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Hunter and Finney,^® but this was not confirmed by Queckenstedt 
He, howevei, used less accurate methods 

The fact that there is an excess of one of the basic products of 
hematopoiesis, iron, indicates that rapid hemolysis is an underl}ing 
factor Experimentally the blood picture of this disease can be 
reproduced by poisoning with tolitylendiamm,"" the toxin of BotJuw- 
cepJiahis-^ />-oxyphenylethylamin,“® Ti ypanosiima equipo diim and 
Ocsti us equi larvae in horses The causative agent of pernicious 
anemia has never been identified It has been suggested that the disease 
was due to a toxin arising from unknown infection, from intestinal 
putrefaction, from fault}'- metabolism or from atrophy of the hema- 
togenic organs 


Not only is there an increase in the free or inorganic iron m the 

blood, but much is stored in the tissues, particularly in the liver and 

kidneys Hunter in a senes of seven cases of pernicious anemia and 

seven control cases found that the iron content of these organs vas 

as follows , ^ r T 

Average Per Cent of Iron 

Liver Kidneys Spleen 


Pernicious anemia (7) 0 270 0 090 0125 

Control (7) 0075 0011 0 355 

The relative increase is most marked in the kidneys, Ruffel ®- has 
obtained similar, but less striking results Squier gives the following 
analytic figures for normal and hemolytic anemic guinea-pigs 

Liver Kidneys Spleen 
Normal pigs 4 62 0 54 0 24 

Anemic pigs (hemolysis) 25 02 3 69 2 49 


These data further support the contention that there is an iron 
retention in hemolytic anemia Muir and Dunn^* woiking with 
hemolysis in rabbits found an increase in the iron content of almost 
five times the normal in the liver and kidneys, but no uniform increase 
in the walls of the stomach or intestines Their findings are confirmed 


24 Hunter Lancet 1 283, 1903 

25 Finney Brit M T, 1880 

26 Queckenstedt Ztschr klin Med 79 49, 1913 

27 Syllaba Abst in Folia Hematol 1 283 and 289, 1904 

28 Seyderhelm Arch exper Path u Pharm 76 149, 1914 

29 Lvao Biochem Ztschr 59 436, 1914 

30 Krumbhaar Jour Infect Dis 22 34, 1918, Steinfield Plasma Chlorids 
in Anemia, Arch Int Med 23 511 (April) 1919 

31 Bunting Bull Johns Hopkins Hosp 16 222, 1905 

32 Ruffel J Path & Bacteriol 14 411, 1910 

33 Squier J Lab & Clin Med 2 552, 1917 

34 Muir and Dunn J Path & Bacteriol 19 417, 1914 
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by Boycott and Jones Muir and Dunn found later that if the 
animals were permitted to recuperate and the blood hemoglobin 
returned to the normal, there was no longer any evidence of iron 
retention m the tissues , they concluded that the iron is utilized by the 
bone marrow Thus it is clear that m hemolytic anemias, as in 
pernicious anemia, there is a marked renal deposition of non 

The exact location and distribution of this retained iron or siderosis 
IS interesting It occurs m other disorders than pernicious anemia, 
especially m bronze diabetes and hemochromatosis The deposition of 
iron in the kidney is practically constant m its distribution It exists 
as a granular deposit in the cells of the convoluted tubules, both 
proximal and distal In some instances of excessive deposition it is 
also found m the cells of the thick limb of Henle’s loop The iron 
derivative of hemoglobin has been thought of by Quincke and 
Hunter as an iron albuminate with the iron m loose combination 
Gaskell and his co-workers reported the siderosis confined to the 
convoluted tubules in the kidney in bronze diabetes Sprunt^^ found 
iron containing pigment in the secreting cells of all glands examined 
in three cases of hemochromatosis, and in the kidneys it was confined 
to the convoluted tubules and the lumma of the collecting tubules 
Corresponding to our later experimental findings,^ he states that some 
of the tubule cells are heavily laden with iron, while immediately 
adjacent tubules are entiiely free from it Stuhlen reports similar 
findings Muir and Dunn in their experimentally pi oduced hemolytic 
anemias m rabbits found granules of hemosiderin m the cells of the 
convoluted tubules and a marked iron reaction there, but nowhere else m 
the renal tissue Muir and M’Nee,^" in studying hemoglobinuna found 
iron retained in the convoluted tubule cells, occurnng twenty-four 
hours or less after hemolysis They postulate that this may occur 
after hemolytic intoxication even without hemoglobinuria In study- 
ing the increased urinary output of iron m pernicious anemia, Rous 
found desquamated cells containing hemosiderin in fresh urine Among 
his ten cases, eight showed this positive indication of lenal hemo- 
siderosis He advocates search for such cells as a diagnostic measure 

35 Boycott and Jones Jour Path & Bacteriol 16 347, 1913 

36 Muir and Dunn J Path & Bacteriol 20 41, 1916 

37 Strasser Ziegler’s Beitr z path Anat u all Path 70 248, 1922 

38 Quincke Deutsch Arch f klin Med 25 580, 1880, 27 193, 1881 

39 Hunter Lancet, November and December, 1892 

40 Gaskell, Sladden, Wallis, Vaile and Garrod Quart J Med 7 129, 1914 

41 Sprunt, T P Hemochromatosis, Arch Int Med 8 75 (July) 1911 

42 Stuhlen Deutsch Arch f klin Med 54 248, 1895 

43 Muir and M’Nee J Path & Bacteriol 16 410, 1911 

44 Rous J Exper Med 28 645, 1918 
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Rous and Oliver/'^ m a histologic study of renal siderosis in rabbits, 
found iron only in the distal convoluted tubules and in the ascending 
limb of Henle’s loop These obsen^ers, as well as all the workers 
mentioned in the foregoing, report that theie is no iron to be demon- 
strated in the glomerular space or in Bowman’s capsule Dubin and 
Pearce^® leport that m severe hemolytic anemias there is no increased 
iron output in the urine and feces, but their woik had to do with fecal 
lather than urinary elimination Warthin^’^ also reports eight cases of 
pernicious anemia, all showing renal hemosiderosis with the iron con- 
fined to the convoluted tubules 

Experimental production of renal hemosiderosis has shown ^ the 
same histologic distnbution The iron is usually confined to the cells 
of the convoluted tubules, but in some instances appeals also in the 
cells of Henle’s loops It may be concentrated in some cells, whereas 
neighboring tubules may contain little or none of it Schurig ■*" found 
similar marked renal siderosis following daily injection of horse hemo- 
globin McMaster, Rous and Larimore using hemoglobin as prepared 
by the method of Sellards and Minot, found that the renal siderosis 
affected primarily the proximal convoluted tubules and the ascending 
limb of Henle’s loop, just as in pernicious anemia But they believe 
that the Cushny reabsorption theor}^ of urinary secretion holds good 
for iron and that tlus iron is reabsorbed from the tubule lumen This 
theory has been proved incorrect for iron ^ In studying the renal 
elimination of bilirubin, Haesler, Rous and Broum found that the 
pigment accumulates, as does hemosiderin, m the convoluted tubules 
and Henle’s loop, but the glomeruli are unstained This is confirmed 
by Quincke’s previous observations In coexistant renal disease, bili- 
rubin may not come thiough, but be stored in the renal cells (Nonnen- 
bruch Fukuda and Oliver,®^ in studying the excretion of 

hemoglobin by the kidney in animals, believed that at least some of the 
pigment was secreted by the cells of the convoluted tubules, and that 
all of it did not pass through, but was retained 

The uniformity of these pathologic and experimental repoits is 
striking The convoluted tubule cells are almost universally conceded 
as being the site of secretion and deposition of iron containing pig- 
ments, or simple iron salts To the foregoing data can be added a 

45 Rous and Oliver J Exper Med 28 629, 1918 

46 Dubm and Pearce J Exper Med 25 675, 1917, Ibid 27 479, 1918 

47 Schurig Arch Exper Path u Pharm 41 29, 1898 

48 McMaster, Rous and Larimore J Exper Med 35 521, 1922 

49 Sellards and Minot J M Res 37 161, 1918 

50 Cushny The Secretion of Urine, Monographs of Physiolog}', 1917 

51 Haesler, Rous and Brown J Exper Med 35 533, 1922 

52 Quincke Nothangel’s Specielle Path u Therap 18 83, 1899 ^ 

53 Nonnenbruch Mitt Grenzgeb Med u Chir 21 470, 1919 

54 Fukuda and Oliver J Exper Med 37 83, 1923 
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repoit of fifteen cases of pernicious anemia in which the l^.ldne^s were 
studied bv the direct Prussian blue reaction for iion,’^ rather than b} 
the method of Nishemura,^^ which is more complex and no more 
satisfactory 

In fourteen of the fifteen cases, a deposition of iron in the cells of 
the convoluted tubules was demonstrable Of these cases. se\en, or 
about one-half, shoved onh a small amount, the othei, a great deal 
The iron leaction vas alva}S sharp!} localized, ne\er diftuse and 
shoved non present onh in the cell membrane of the comoluted tubules 
or m the debris in the lumma No iron v as detected m the glomei ular 
spaces or capsule The cases showing the largest amount of iron in 
the tubules had a lov^er hemoglobin reading at the time of death than 
the others The average hemoglobin content of the blood m three 
cases with onh a little iron retained v^as 45 per cent , the a^erage 
hemoglobin foi five cases vith marked deposition of iron vas 17 
per cent 

Hawng established that m peinicious anemia theie is a maiked 
deposition of non m the cells of the comoluted tubules, the next 
problem is What eft'ect has this iron on renal function^ The fact 
that the renal disoider is usualh vorse when the anemia is most maiked 
ma} be explained in tvo va}s either the anemia is the direct cause 
of the lenal disturbance, oi at that time the renal siderosis is most 
marked and therefore the effect of the iron most conspicuous 

Sellards and Minot found that considerabh less hemoglobin is 
lequired for injection to pioduce hemoglobinuria m peisons vith per- 
nicious anemia than in noimal persons In secondary anemia oi in an} 
case in which there is no excessne destruction of blood the renal 
threshold for hemoglobin is about normal They found further, that 
the hemoglobin tolerance bore no relationship to the red corpuscle 
count, but vaned ln^ ei sely vntli the amount of blood destruction taking 
place at the time This finding is interesting m connection vnth the 
deposition of iron (vhich also depends on the amount of blood destruc- 
tion going on) foi the cells are already loaded vnth iron compounds 
and therefore cannot letaiii the excess as vould normal cells vhich 
are piacticall} fiee of lonizable non The loivered threshold therefore 
ma} be largely explained by the leiial siderosis 

It vas thought that an experimental study of the renal function in 
anemias vith and vithout lenal hemosiderosis and in hemosiderosis 

The material from these fifteen cases was collected through the courtes\ 
ot Dr E B Krumbhaar, Philadelphia General Hospital, Dr H Oberhelman, 
Presbyterian Hospital Chicago, Dr H G Wells, Unuersity of Chicago, and 
Dr L' Stieglitz. New York I take this opportuniU ot expressing my apprecia- 
tion of their kind cooperation 

55 Nishemura Centralbl f allg Path u Path Anat 21 10, 1910 

56 Sellards and Alinot T Res 34 469 1916 
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without anemia might throw further light on the point of view that 
the iron deposition in the kidney is largely responsible for the renal 
damage in pernicious anemia The tabulated protocols of such experi- 
ments fpllow 

PROTOCOLS or EXPERIMENTS 

E\per 1 — Simple Secondary Anemia — Dog, male, weight, 15 kilograms 
Nov IS, 1922 Healthy dog, hemoglobin, 95 per cent (Dare) Urine 
No albumin or casts, acid, specific gravity 1 032 Intravenous “phthalein” 
excreted 90 per cent , overnight " 

Nov 16, 1922 Bled 300 cc , hemoglobin after bleeding, 80 per cent 

Nov 20, 1922 Bled 300 c c , hemoglobin after bleeding, 70 per cent 

Nov 23, 1922 Bled 200 c c , hemoglobin after bleeding, 65 per cent 

Nov 26, 1922 Bled 200 c c , hemoglobin after bleeding, 50 per cent Urine 

No albumin or casts, acid, specific gravity 1 030 

Dec 3, 1922 Bled 300 c c , hemoglobin after bleeding, 40 per cent 

Dec 6, 1922 Bled 200 c c , hemoglobin after bleeding, 35 per cent 

Dec 10, 1922 Bled 150 c c , hemoglobin after bleeding, 30 per cent Later 

in day hemoglobin, 35 per cent ‘ Phthalein,” overnight, 82 per cent Urine 
No albumin or casts 

Dec 15, 1922 Hemoglobin, 40 per cent “Phthalein” overnight, 86 per cent 
Urine No casts or albumin 

Exper 2 — Simple secondaiy anemia — Dog, male, weight, 10 kilograms 
No^ 17, 1922 Hemoglobin, 93 per cent “Phthalein” overnight, 88 per cent 
Urine No albumin or casts, acid, specific gravity 1 029 

Nov 18, 1922 Bled 300 c c , hemoglobin after bleeding, 85 per cent 

Nov 20, 1922 Bled 200 c c , hemoglobin after bleeding, 78 per cent 

Nov 23, 1922 Bled 150 c c , hemoglobin after bleeding, 72 per cent 

Nov 26, 1922 Bled 200 cc , hemoglobin after bleeding, 65 per cent Urine 

no albumin or casts 

Nov 28, 1922 Bled 200 c c , hemoglobin after bleeding, 55 per cent 

Nov 29, 1922 Bled 150 cc , hemoglobin after bleeding, 50 per cent Urine 

no albumin or casts, clear, acid, specific gravity 1 024 

Dec 4, 1922 Bled 150 c c , hemoglobin after bleeding, 47 per cent 

Dec 8, 1922 Bled 200 c c hemoglobin after bleeding, 40 per cent Urine 
no albumin or casts, clear acid “Phthalein,” overnight, 80 per cent 

Dec 12, 1922 Bled 200 c c , hemoglobin after bleeding, 32 per cent Urine 
still perfectly normal 

The animal was not killed, but allowed to recover and used later for other 
V ork 

The lesults of these two experiments indicate that simple secondar}' 
anemia alone does not cause any conspicuous change in renal function 
or kidney damage as manifested by albumin and casts 

Exper 3 — Secondaiy Anemia with Rcinjiction of Hemoglobin — Dog, female 
weight, 12 kilograms 

Dec 10, 1922 Hemoglobin, 92 per cent , “phthalein” overnight, 90 per cent 
Urine no albumin or casts, clear, acid, specific gravity 1 028 Bled 300 c c , 


57 The Dare instrument was used throughout for hemoglobin estimations 
The phenolsulphonephthalein test was carried out by injecting 1 cc of the 
ampule solution of the dj^e intravenously in the evening and collecting all the 
urine the next morning from the metabolism cage This was then titrated 
against a standard in the usual way 
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hemoglobin after bleeding, 80 per cent The blood centrifuged, corpuscles sepa- 
rated, washed and then hemolyzed with distilled water , 50 c c of this were 
reinjected intravenously 

Dec 11, 1922 Hemoglobinuria 

Dec 13, 1922 Bled 200 c c , hemoglobin after bleeding, 78 per cent Cor- 
puscles treated as above, and 40 c c of hemoglobin solution injected intra- 
venously Hemoglobinuria followed promptly 

Dec 14, 1922 Hemoglobinuria, no casts or albumin detected 
Dec 15, 1922 Urine clear, no casts or albumin 

Dec 16, 1922 Bled 400 c c , hemoglobin after bleeding, 60 per cent 400 
cc of hemoglobin solution reinjected as above 

Dec 18, 1922 Bled 300 c c , hemoglobin after bleeding, 51 per cent , 35 c c 
of hemoglobin solution reinjected as above Hemoglobinuria 

Dec 20, 1922 Bled 250 c c , hemoglobin after bleeding, 40 per cent Hemo- 
globin solution reinjected as above 

Dec 21, 1922 Urine Clear, both albumin and casts present and a trace of 
hemoglobin, specific gravity, 1018 

Dec 22, 1922 Urine Clear, albumin and casts both present, no hemoglobin, 
specific gravity, 1 016, acid Bled 300 c c , hemoglobin after bleeding, 28 
per cent 

Jan 10, 1923 Urine Clear, dark straw, albumin and casts both present, 
acid , specific gravity, 1 024 Bled 300 c c , hemoglobin after bleeding, 34 
per cent Hemoglobin reinjected as above Hemoglobinuria occurred as before, 
but there was less in the urine than previously 
Tan 13, 1923 “Phthalein" overnight, 60 per cent 

Jan 15, 1923 Hemoglobin, 40 per cent Urine Albumin and casts both 
present, especially the former No hemoglobinuria, specific gravit}', 1014 

The above experiment, on the other hand, indicates that an anemia 
with hemoglobmemia and therefore renal hemosiderosis leads to distinct 
renal damage as evidenced by the fall in the phenolsulphonephthalein 
excretion from 90 to 60 per cent and the appearance of albuminuria 
and casts 

Exper 4 — Expeiimcntal Hemosiderosis Without Anemia — Dog, terrier, 
female, weight, 7,680 gm 

Jan 12, 1923 “Phthalem” overnight, 90 per cent Urine Clear, dark 
amber, no albumin or casts, or sugar Specific gravity, 1 05 

Jan 13, 1923 Injection of 1 gm of green ferric ammonium citrate partlj 
intravenously, partly subcutaneously, marked amount of iron in urine after 
the injection 

Jan 16, 1923 Injection of 0 75 gm green ferric ammonium citrate intia- 
venously Afterward there was a great deal of iron in the urine “Phthalem” 
overnight, 65 per cent Urine A few hyaline casts (some with iron in them), 
and some albumin , specific gravity, 1 02, acid 

This experiment unfortunately was discontinued because of an 
illness of the author 

It has been shown m rabbits^ that iron is secreted by the con- 
voluted tubules, and that m the process of this secretion it causes dis- 
tinct functional changes The foregoing experiment partly confirms 
this finding in a dog During the period of elimination of iron follow- 
ing intravenous injection of iron salts, there is a brief and transient 



68 


ARCHIVES OF INTERNAL MEDICINE 


diuresis, followed by an antidiuresis Furthermore, m rabbits, during 
lion elimination by the kidneys the specific gravity of the urine is 
lowered, and thus not only the volume of the urine, but the total solids 
aie reduced by the action of the non 

The following experiment shows that the same results may be 
obtained in a dog 

Exper S — Dog, female, weight, 8 kilograms The animal was tied to the 
table, catheterized without anesthesia, and the urine collected, the catheter 
being left in place and new specimens obtained every fifteen minutes After 
two preliminary contiol readings, 0 8 gm of green ferric ammonium citrate 
w^ere injected into the jugular vein with no apparent toxic reaction The 
results are showm graphically in the chart 

The foregoing experiment reproduces the results previously obtained 
with rabbits and shows that non has a decided effect on renal function 



Results in Experiment 5 The continuous line indicates the iron m the 
urine, the broken line, volume of urine per unit of 15 minutes in cubic centi- 
meters , dot and dash line, specific gravity of urine 


during the tune of its elimination Iron, during its elimination by the 
kidneys, causes a fall in the rate of water excretion and a fall in the 
specific giavity, indicating a marked diminution of all secretion at 
that time 

COMMENT 

That iron is retained in the convoluted tubule cells in pernicious 
anemia has been demonstrated It has also been shown that there is 
an increased secretion of iron salts in the urine Iron retained in the 
tubular epithelium in rabbits may gradually cause a mild nephritis, or 
disturbance of renal function, as indicated by the appearance of 
albuminuria and casts, and in some instances ascites Trivalent iron, 
according to Fischer,®® is the most active of all cations in preventing 


58 Fischer Edema and Nephritis, New York, John Wiley & Sons, 1915 
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the hydration of colloids, oi in freeing water from them It should 
theiefore he an active diuretic It is diuretic in the initial phases 
of the experiment, while there are free iron ions in the tissues and 
ciiculation, but as soon as it accumulates in the secreting cells the 
reaction would be reversed, as is the case The presence of iron in 
the cells in abnormal quantity prevents their taking up water and there- 
fore the resulting antidiuresis The fall in the specific gravity of the 
mine is likewise dependent on this phenomenon, as the solutes cannot 
pass if their solvent, water, is blocked This all points to a secretoiy 
function for the convoluted tubules, which in pernicious anemia is 
interfered with by the accumulation of iron in the cells of the convoluted 
tubules 

The effect of iron on the urine volume and specific gravity is par- 
ticularly interesting in view of the clinical observation on renal func- 
tion in pernicious anemia, in which the ability of the kidney to 
concentrate the urine is most characteristically aftected The relation 
between these two phenomena, clinical and experimental, seems more 
than coincidental, and it may be concluded that this correlation of find- 
ings IS of significance in connection with the etiology of the nephritis, 
or renal damage of pernicious anemia 

The intracellular activities of iron are not all injurious, however 
Bayliss emphasized the important function of iron compounds as 
vehicles for oxygen, to be consumed elsewhere This is also pointed 
out by Peters However, the iron so utilized is not electrolytic, 
inorganic iron Ferric compounds do not carry oxygen, but are catalytic 
in stimulating the tissues to consume oxygen Thurnburg observed 
that lecethm consumed oxygen in the presence of iron salts, but not 
without them Therefore ionized iron has a powerful chemical catahtic 
action m stimulating oxidation as well as the physical action discussed 
m connection with colloid hydration and diuresis 

The therapeutic use of iron in pernicious anemia is a common 
method of treatment, used formerly moie than it is now Recent work 
has shown that iron is of little value in the treatment of this disease 
This conforms with the knowledge that there is a superabundance of 
this element already in the tissues Musser showed that inorganic 
iron did not increase the speed of blood regeneration in dogs rendered 

59 Bayhss Principles of General Physiology, New York, Longmans, 
Green & Co, 1915, (pp 592 and 614) 

60 Peters Jour Physiol 4.4 131, 1912 

61 Warburg Ergeb Physiol 14 253, 1914 

62 Thurnburg Skand Arch Physiol 24 90, 1911 

63 Musser Influence of Inorganic Iron on Regeneration of Blood After 
Hemorrhagic Anemia, Arch Int Med 28 638 (Nov ) 1921 
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secondarily anemic Whipple and Robscheit obtained similar results, 
and Whipple found that aisenic and iron were inert in this con- 
nection Weber and Ashby come to the same conclusion, the latter 
even questioning whether there is an increased hemolysis Whipple 
concludes that the deficiency is in the stroma material necessary for 
the manufacture of erythroplastids rather than m the hemoglobin 
factor 

SIj mmary 

It has been shown that 

1 Disturbances of renal function are common in pernicious anemia 

2 Histologic examination of the kidne)’^s frequently discloses 
degeneration of the tubular epithelium 

3 There is a deposition of iron in the convoluted tubules of the 
kidney 

4 Iron in such a location probably causes damage to the epithelium 

5 Iron in these cells inhibits the passage of water and total solids, 
and reduces the specific gravit} of the mine 

6 Fixation of the specific gravity and an increase of the night over 
the day urine volume is characteristic of the alteration of renal func- 
tion m pernicious anemia 

The correlation of these findings leads to the conclusion that the 
renal functional changes in pernicious anemia may be attributed at 
least in part to the accumulation of iron in the convoluted tubules, 
rather than to the anemia alone The hemosiderosis and the resulting 
changes in function are so specific that one may speak of this condition 
as the nephritis of pernicious anemia It is particularly interesting in 
view of the fact that the changes are apparently purely tubular and 
result from a pei verted metabolism 

64 Whipple and Robscheit Iron and Arsenic as Influencing Blood Regen- 
eration Following Simple Anemia, Arch Int Med 27 291 (May) 1921 

65 Whipple Pigment Metabolism and Regeneration of Hemoglobin in the 
Bod}% Arch Int Med 29 711 (June) 1922 

66 Weber Ztschr f Biol 70 168, 1920 

67 Ashb> J Exper Med 34 127, 1921 



PARALYSIS OF THE LEFT RECURRENT LARYNGEAL 
NERVE IN MITRAL STENOSIS 

REPORT OF A CASE, AND A REVIEW OF THE LITER.VTURE ' 

M NOTKIN, M D 

MONTREAL, CANAD V 

Duiing the past twenty-five years a latliei uncommon complication 
of initial stenosis, paratysis of the left recurrent laiyngeal nerve, has 
caused consideiable interest The chief impoitance of the condition 
lies, perhaps, in the diagnosis, more especially m its distinction fiom 
aoitic aneuiysm, but in addition there has been a great deal of contio- 
^ersy and discussion as to the method of pioduction of the paralysis 
and its course and termination Since Oitnei fiist described the condi- 
tion (1897), four difiteient theories and many modifications ha\e been 
proposed as to its mechanism, and each has for its support not only the 
opinion of vaiious clinical investigatois, but also the findings in a numbei 
of neciopsies Se^enty-foul cases have been reported, in seventeen 
of which necropsy was performed 

It is my purpose to report a case diagnosed^ treated and examined 
postmortem in the Montreal General Hospital, to leview the liteiature, 
to discuss the diagnosis, the method of pioduction of the parahsis, 
the tieatment and prognosis 

REPORT or A CASE 

M G H, a man, aged 31, m the service of Dr F G Finlej, complained of 
d\spnea, weakness and swelling of the legs and abdomen For the past three 
and a half j^ears he had been troubled with dyspnea, palpitation of the heart 
and edema, on account of which he had to stop work for several months at a 
time On March 1, 1921, he was admitted to the Montreal General Hospital 
and V as discharged in one month, improved Three weeks later he was read- 
mitted with the same symptoms He assumed the orthopneic position A 
S3'stolic impulse in the veins extended up each side of the neck as far as the 
ears There was edema of the lower extremities and scrotum The abdomen 
showed dilated supeificial veins The luer was slightlj" enlarged The fundi 
were normal The pulse was irregular m volume and rh 3 'thm The blood 
pressure was s 3 "Stolic, 118, diastolic, 82 There was some bulging of the 
precordium The apex beat was diffuse in the left fifth and sixth spaces 
The maximum impulse was 11 cm to the left of the midsternal line The upper 
limit of dulness was at the second costal cartilage and the right border 5 cm 
from the midsternal line At the apex there was a blowing systolic murmur 
propagated toward the axilla and along the sternum The second sound vas 
followed by a faint murmur At the base the second pulmonary sound vas 
accentuated (Dr F G Finley ) 

Roentgen-Ray Repoif (Di Wilkins) — Roentgen-ray examination of the chest 
showed marked increase m the transverse diameter of the heart at the apex. 


From the service of Dr F G Finle 3 ’- and the pathological laboratories 
of the Montreal General Hospital 



72 


ARCHIVES OF INTERNAL MEDICINE 


both to the right and to the left No abnormality was noted as being associated 
with the aortic shadow, and the upper portion of the posterior mediastinum 
was clear 

Couise of Djsease — The abdomen was tapped every two or three weeks, and 
between 6,000 and 8,000 c c of turbid, straw-colored fluid were withdrawn each 
time Infarcts of the lung developed Six days before death hoarseness 
appeared and remained until death A lar 3 'ngoscopic examination by Dr R P 
Wright revealed almost complete limitation of movement of the left cord. 



Semidiagrammatic drawing of heart as found in author’s case Aorta, pul- 
monary artery and lymph node are shown to be drawn apart A section of the 
aorta is shown to be removed, exposing the left vagus nerve as it hooks around 
the aorta 

marked thickening and some interarytenoidal bogginess The right cord 
moved freely and was greatly thickened and slightly reddened 

Anatomic Findings — The body was well developed but emaciated The 
conjunctivae were jaundiced The skin was drj’^ and scaljs the abdomen dis- 
tended and the superficial veins dilated There was chronic passive congestion 
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of the lungs, liver, spleen, kidneys and mesenteric veins There were multiple 
infarcts of the lung, fibrous pleural adhesions on the left side, cirrhosis of 
the liver (slight), ascites, edema (slight) and jaundice 

Ihe heart was large, the myocardium firm and brownish The left auricle, 
right auricle and right venntricle were all markcdl}" dilated and hypertrophied, 
while the walls of the left ventricle were not noticeably thickened 

The cusps of the mitral valve were fused and calcified, leaving an orifice 
measuring 1 7 cm by 0 8 cm The tricuspid valve w'as normal except for the 
anterior cusp, which w'as slightly thickened at the free edge The left anterior 
and the posterior cusps of the aortic valve were considerably thickened about 
the nodule of each cusp The pulmonary valve was free 

The pulmonary artery was considerably dilated (3 75 cm at its wndest 
diameter), and in the angle between the pulmonary artery, aorta and ductus 
arteriosus (nonpatent) was lodged a lymph gland (1 S cm by 1 25 cm ), lending 
Itself in this position as additional means of transmitting pressure upon the 
aorta and directly upon the recurrent laryngeal neive 

The left recurrent laryngeal nerve as it hooked under the aorta showed 
marked flattening and was pale gray The remainder of the left vagus divided 
into two main branches One branch ran through the connective tissue at 
the base of the lymph gland mentioned above (to form the anterior pulmonary 
plexus), and another ran toward the posterior aspect of the root of the lung 
On its course this branch was held fast m a calcified lymph node lying a 
little in front of and below the aorta It was difficult to determine whether or 
not during life this calcified mass exerted pressure upon the aorta and 
indirectly upon the left recurrent laryngeal nerve 

The trachea was somewhat flattened on the left side, at that area which 
is m contact wuth the arch of the aorta 

REVIEW or THE LITERATURE 

Theoues of the Pi oduchon of the Paialysis of the Vocal Coid — 
1 Ortner, whose two cases came to neciopsy, believed that the enlarged 
left auricle piessed the left recun ent laryngeal neive against the aorta 
producing a pressuie paralysis 

2 Klaus, in 1900, leported a case which at necropsy showed, 
besides a dilated left auricle, a greatly hypertrophied light ventricle 
which had forced the heart into a transverse position He believed 
that the enlarged right ventricle had rotated on the diaphiagm in such 
a way as to shift the base of the heart to a lower position, dragging 
with it the ductus arteriosus, which in turn pulled on the aorta with 
resultant traction on the left lecurrent laryngeal nerve 

3 Von Schroetter desciibed a case m which the mechanism was 
altogether different There was a patent ductus arteriosus as laige as 
the greatly dilated pulmonary arteiy, which pressed the laryngeal nerve 
against the aorta at the point of origin of the ductus 

4 Alexanders case, in 1904, without necropsy, showed on loent- 
genographic examination a dilated left auricle and pulmonary artery 
In view of the normal anatomic relations of the left auricle, pulmonar}^ 
artery, laiyngeal neive and aoita, he suggested that the paralysis was 
clue to pressure of the pulmonary artery upon the nerve Such a condi- 
tion was actually found at necropsy by Fiischauer (1905) 
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5 Other reports followed with discussions and additions, including 
the statement that the lar3mgeal ner\e may be involved m the cicatricial 
tissue following pericarditis, mediastimtis and othei lesions that ma) be 
associated with mitral stenosis 


COMMENT 

Oitner’s theory was supported by necropsy findings by Herrick, 
Hofbauer (Case 2), Ceraulo, Oslei (Cases 1 and 3), Guder and 
Dufour (Case 2) and Bonardi, as well as the opinions of Sheldon, 
Thorne, Harris, Bomet, Palasse, Gouget, Perotta, Cohn and Sforza, 
based on obseivations on cases m which postmortem examinations had 
not been made Some of them accepted Oitner’s theoiy in cases in 
which there was cardiac decompensation and that of Kiaus in cases in 
which compensation had produced an hj pertrophied right ventricle 

Kraus, Dmitrenko and others take exception to Oitner’s view on 
the ground that the left ventricle is separated from the left recurrent 
laryngeal nerve by the pulmonary artery, and theiefore cannot itself 
press upon it They point out that there are many cases of extieme 
dilatation of the left auricle from other causes than mitral stenosis, 
but in such cases paralysis of the left recurrent laryngeal neive is 
unknown 

Fetterolf and Noiris by cross sections and dissections of for- 
maldehyd haidened thoraces have shown the position of the left auricle 
to be such that 

In expansion, the auricular appendix would probablj be the first part affected 
as it lies free and unadherent to an3'thing Should it be dilated it would 
press upward and backward, thrusting the left pulmonarj^ arterj’- against the 
aorta, the left pulmonary vein against the pulmonarj arterj and forcing ,the 
distal portion of the latter against the aorta Later when the atrium or main 
cavity dilated the proximal part of the pulmonary arterj^ is jammed upward 
and backward, mainlj^ by the root of the left pulmonary vein The nerve is 
thus squeezed between the pulmonarv artery on the one hand and the aortic 
arch or ligamentum arteriosum on the other 

This repoit, antagonistic to Ortner’s and Kraus’ theories, strengthens 
the view of Alexander and Frischauer, which has for its support the 
necropsy reports of Fnschauei, Mead, Garland and White and our 
own case, and the views of Dmitienko, Lian and Maicolles, Carrau, 
Guttman and Neuhoff and also Gillies, who described in a case without 
mitral stenosis a paralysis of the recurrent nerve due to pressure of a 
dilated pulmonary artery 

Lian and Marcolles claim that additional etiologic factors are neces- 
sary They suggest that there should be something of sufficient hard- 
ness to compress the nerve, and propose either the presence of old 
thrombotic masses in the left auricle or a certain degree of chronic 
mediastimtis 
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Kraus, who had the support of Hofbauei, Quadione and otheis, 
states that at necropsy in his case the ductus aiteriosus was found to 
lie in a horizontal position and therefore must have been pulled down b} 
the rotated heart Fetterholf and Norris have shown that this horizontal 
position of the ductus is the normal one, and state that even if in 
Kraus’ case its position was moie nearly horizontal than usual it vas 
probably caused by a pushing up of the pulmonary artery Moieover, 
It IS hardly likely that the ductus, a structuie of about 2 mm m 
diameter, would produce the descent of a large structure like the aorta, 
supported and held in position as it is by the great vessels which arise 
fiom it, as well as the deep cervical fascia and othei structures 

Von Schroetter’s findings of incai ceration of the neive by the 
patent ductus and aorta have also been repoited by Zimbler and Mead 
Gerhardt affiimed the possibility of paralysis of the recurient nene 
due to this cause 

It appears, therefoie, that if any one mechanism is adopted to 
explain the production of the paralysis, prefeience must be given to that 
in which the pressure of the pulmonaiy artery upon the neive 
(whether due to enlargement of the artery or to its displacement) is 
the major factoi Here it is not necessaiy to stiain the imagination 
since the anatomic position of the paits is such that on enlargement of 
the heart the pulmonary artery must come in contact with the ner\e 
Moreover, hypertrophy and dilatation of the pulmonary aiteiy occuis 
in most of the reported cases 

PARALYSIS or THE LEFT RECURRENT LARYNGEAL NER\ E 

Paralysis of this nerve produces a change in the character of the 
voice varying from a low pitch to aphonia, depending on the extent to 
which the nerve is affected The onset may \aiy both in the stage 
of the cardiac disease at which it occurs and in the rapidity of onset 

Stage of Disease at Winch Paralysis Occurs — The reported cases 
may be divided into four groups (1) those m which paialysis occurs 
while compensation is still good — eight cases , (2) those in which com- 
pensation IS fair as evidenced by dyspnea, etc, but no edema — 
seventeen cases, (3) cases in which compensation is broken — twenty- 
three cases , (4) cases in the agonal stage in which paralysis occurs a 
few days before death — four cases Most cases occur when there is a 
disturbance of compensation with consequent dilatation of the heart 
Sometimes, however, as in the cases of Hofbauer (Case 1), Thorne, 
Alexander, Davis, and Hall, the patient pnmaril} comes to seek the 
advice of the laryngologist for hoarseness, and the cardiac condition 
is found in the subsequent examination 
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Onset and Cowse of Hoai sencss — In some of the repoited cases 
the onset of hoaiseness was sudden, often occurring m the couise of 
a walk In all of such instances the onset occuned simultaneously 
with dyspneic attacks Carrau, however, reported a case in which the 
patient had “the crisis of her heart disease without paralysis, and only 
SIX months before the termination of the crisis and without indication 
of the broken heart compensation, she lost her voice ” Most of these 
patients show a rapid improvement to noimal which may or may not be 
permanent But they may show one or more recuirences coincident 
with cardiac crises, and the paralysis may finall}' become permanent m a 
complete or partial form 

In most cases, however, hoarseness comes on gradually Its couise 
IS usually slow and progressive until a maximum is reached and remains 
permanent irrespective of cardiac improvement 

A few patients show marked improvement of the voice, the voice 
eren becoming normal, but on examination it is found that this is not 
due to increased movement of the affected cord but to the accommoda- 
tion of the sound one 

Change of position may, but does not always, influence the hoarse- 
ness Proto found that in his patient rotation of the head m different 
positions produced a change in the voice In Hofbauer’s first case the 
\oice became more hoarse with the patient lying on the left side or when 
bending forward In the case of Lian and Marcolles the left lateral 
decubitus produced more marked hoarseness, while Carrau’s patient 
showed a similar change when lying down in any position, but not on 
rotation of the head All these cases were mild, and the onset was 
fairly rapid 

Hofbauer explained by Kraus’ theory that in certain positions the 
aorta is pulled down more than in others, and hence stretching of the 
nerve is greater The view of Lian and Marcolles is that in decubitus 
there is increased contact between the left auricle and the pulmonary 
arter}'- and therefore between the latter and the nerve Frestadtl and 
Stranz take exception to the reports of alteration in the quality of the 
voice with postural changes, because in their cases in which postmortem 
examination was made they found degeneration of the nerve and of 
the muscles supplied by that nerve, and therefoie change of the vo’ce 
was impossible But it is clear from the facts given above that all 
cases of paralysis are not similar, since their onset and course and 
probably their etiology, differ When the onset is gradual and pro- 
gressive with degenerative changes in the nerve, vocal changes with 
posture cannot occur, whereas it is probable that paralyses of sudden 
onset and rapid improvement are due to a neuritis caused by mechanical 
disturbance in the mediastinum (as by the continuous pulsation of the 
pulmonary artery against the nerve, etc ) , thus making the nerve more 
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sensitive to pressure, which vanes on change of position, and with the 
change in piessure, alteiation in the character of the voice occurs This 
view coriesponds to that of Lian and Marcolles, who explain recurrence 
of paralyses with cardiac crises by the pressure of the acutely enlarged 
heart upon the sensitive nerve 

The duiation of hoarseness varies with the type of paralysis Where 
It IS acute and due at least partly to a neuritis, it improves in fioni a 
few days to two or three months, provided the cardiac condition 
improves and pressure paralysis does not supervene When paralysis is 
complete, there is no change in the voice except so far as the sound 
cord can compensate These facts are borne out by necropsy reports 
The cases of Ortner, Osier (Case 3), Kraus and Von Schroetter, with 
permanent paralysis lasting for a year or more before death, showed 
micioscopic degeneration of the neive, that of Mead with paralysis of 
one month’s duiation showed no degeneration 

Quadrone reports seven cases in which there was bilateral paresis 
He explains by Kraus’ theoiy that wheie the descent of the aortic arch is 
so great as to aftect the right subclavian vein, the right recurrent nene 
becomes stretched in the descent of that vein Ceraulo also repoits a 
case of double paratysis 

DIAGNOSIS 

An interesting and important point is the differentiation of these 
cases from aoitic aneurysm, and undoubtedly such cases were diagnosed 
as aneui3^sm before the aid of the roentgen ray and before Ortner 
pointed out a hitherto unknown etiology 

Ortner, Nothnagle and Osier, in their first cases, made a diagnosis 
during life of aortic aneurysm, and only at necropsy was the true condi- 
tion re\ealed Ortner laid stress on the difference in the carotid 
pulses, the left being smaller than the light Osier’s opinion was 
influenced mainly by s}mptoms of dyspnea and cyanosis without edema 
and the presence of a diffuse precordial impulse reaching to the second 
intercostal space 

The difteience m pulses has been noticed m other cases Alexandei, 
Hall, Ceraulo, Quadrone, and Fetterolf and Norris found the left pulse 
smaller than the right Dmitrenko, and Guttman and Neuhoff noted 
that the blood pressure m the right brachial artery was greater than m 
the left 

Quadrone explains this difference to be due to traction on and 
constriction of the right subclavian artery Ortner could not explain 
It, while Popoff states that it is due to pressure of a contracting cicatrix 
on the larger vessels 

A misleading sign is the cardiac pulsation in the area of the second 
costal cartilage This may spread to the third and fourth spaces Nine 
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of the reported cases show this condition Alexander, Dmitrenko, Lian 
and Marcolles and others by tracings and radioscopic examinations have 
been able to demonstrate intra vitam that this pulsatile shadow v as due 
to the pulsations of the pulmonary artery, which in many cases was 
found to be enlarged to the diameter of the aorta and even laiger 

Inequality of pupils which is sometimes present strengthens the 
suspicion of aneurysm Three cases are reported with the right pupil 
larger than the left and two with the left larger than the right 

Carrau diagnosed pressure of a dilated auricle on the pulmonaiy 
artery by the presence of systolic souffle propagated upward at the 
pulmonary area 

The difficulty of diagnosis is readily seen, and, with the piesence of 
abnormal dulness about the second and third spaces, as found b} 
Perotta and otheis, the picture of aneur3'sm is complete We ha\e 
therefore often to depend almost entiiely on the roentgen ray for diag- 
nosis in these cases 

AGE AND SEX 

De Haviland Hall pointed out that aneurysm is rare before the age 
of 25, and in women it is one eighth as frequent as in men From 
the tables of Avelhs, Permewan points out that paialysis of the recur- 
rent nerve due to various causes occurs more than twice as frequently 
in men as in women In the list of cases of paralysis of the nerve in 
mitral stenosis twenty are male and forty-three female and according 
to the age period, distiibuted as shown below 

Age Up to 25 25-30 30-40 40-50 50-55 

No of cases 20 30 10 8 2 

From this it may be seen that the age and sex of the patient may 
be an aid in diagnosis If the patient with paralysis of the left lecurrent 
laryngeal nei ve is a male and below 25, the paralysis is probably due to 
a cardiac cause, and also in females even if above 25 years of age 

TREATMENT 

Digitalis in the early stages, before the nerve becomes degenerated, 
IS useful in distinguishing between cardiac and aneuiysmal compression 
In Carrau’s case with sudden hoarseness immediate use of digitalis 
produced excellent results, both cardiac and vocal conditions improving 
considerably Of course when the paralysis is of long standing such 
improvement is impossible 

CONCLUSIONS 

It IS clear that paralysis of the recurrent laryngeal ner\e in mitral 
stenosis may be produced in various ways, and that in a single case 
there may be more than one etiologic factor 
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It seems probable that the most impoitant and most frequent 
mechanism is that of the enlarged pulmonary artery, through its own 
dilatation, or through the pressure transmitted to it by the left auricle 
and pulmonaiy vein, compressing the nerve against the aorta or 
ductus arteriosus 

Secondary factors may aid in the compression by increasing the 
rigidity of the opposing parts, namely, thrombi in the auricle, thrombo- 
sis of the pulmonary artery, atheroma and scleiosis of the pulmonary 
artery and aorta, cicatrization, etc 

. In a certain numbei of cases there is probably an initial neuritis, 
and if the cardiac condition is not improved, the irritability and the 
increased pressure would the more readily lead to degeneration of the 
nerve 

Cases occur in which the etiologic factor is enlarged mediastinal 
glands, etc, coincident with mitial stenosis, but even in these cases- the 
heart may play a secondary part 

The importance of fluoroscopic examination must be emphasized, 
since It often affords the only distinction from aortic aneurysm 

The early use of digitalis both from the point of view of diagnosis 
and treatment is impoitant 

It IS interesting to note the comparative youth of the majority of 
the patients and its greater frequency in females, both of which obser\a- 
tions are an aid in diagnosis 

Laryngoscopic examinations are important in eliminating any local 
cause of hoarseness, in making out the extent of paralysis, and in 
determining whether improvement of the voice is due to improvement 
of paralysis or to the accommodation of the sound coid 
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THE CREATININ TEST FOR RENAL FUNCTION- 

RALPH H MAJOR, MD 

KANSAS cm, KAN 

In a pievions communication,^ attention was diiected to ceitain 
advantages in the use of creatmin as a test for lenal function Ihis 
substance, which is appaiently an end-product of metabolism, is excieted 
by the noimal kidney with gieat ease, and its excietion, as emphasized 
by SchafCei,- is lemaikably constant for the same peison 

In the senes of cases lepoited, it was pointed out that while noimal 
kidneys lesponded piomptly to an excess of cieatmm m the circulation 
by a gieatly inci eased uiinaiy output of cieatmm, the kidneys in chronic 
nephritis showed no such maiked inciease, and at times even showed a 
deciease As a convenient method of studying the cieatinm excietion, 
the patient’s urine was first collected foi the peiiod of one houi and 
the patient then given 0 5 gm of cieatmm mtiavenously Subsequent 
collections of mine weie made at the end of one houi and at the end 
of two hours, and the total excretion of creatmin m each of these 
specimens compared with the hourly excietion before the patient 
leceived the cieatmm injection 

In this study the same general method has been followed, but m 
addition obseivations have been made on the variations in the concen- 
tiation of creatmin in the urine, the excretion of cieatmm duimg 
fifteen minute peiiods has also been studied In all instances, foi the 
sake of comparison, the phenolsulphonephthalein test has been employed 

Some of the cases leported pieviously aie included in the statistical 
summaiy m this paper In all, the creatmin test has been earned out 
on 113 persons, including thirty-thiee with cases of chronic nephritis, 
thirty with arteiial hypertension, seven with marked caidiac decompen- 
sation and twenty-five with diabetes mellitus 

METHODS 

In most of the eailier tests the cieatmm was prepaied fiesh before 
using, 0 5 gm being dissolved in 5 c c of distilled water and autoclaved 
just before injection In some of the latei tests we have used creatmin 
dissolved in a buffer solution consisting of 27 parts of primar} potas- 

From the Department of Internal Medicine, Universitj of Kansas School 
of Medicine, Kansas City, Kansas 

1 Major, Ralph H The Use of Creatmin as a Test of Renal Function, 
J A M A 80 384 (Feb 10) 1923 

2 Schaffer, Philip Protein Metabolism in Exophthalmic Goiter, J Biol 
Chem 3 13, 1907 
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Slum phosphate and 73 parts of secondary sodium phosphate, having a 
value of 7 2 In this solution, a colorimetric reading shows no 
deterioration of the creatinm for a period of six months We have 
found It convenient to put up such a solution in ampules of 5 c c , each 
ampule containing 0 5 gm of creatinm and being ready for immedi- 
ate use 

The creatinm content of the urine has been detei mined by the method 
of Fohn, using in most instances a Dubose colorimeter The simple 
colorimetei devised by Myers ^ has also proved satisfactory for the 
estimation of creatinm 

In the majority of the tests, the first hour’s and the second hour’s 
excietion of creatinm after the intravenous injection of 0 5 gm of 
creatinm has been compared with the excretion foi one hour before 
the injection In another series of tests the excretion of creatinm over 
fifteen minute intervals after injection has been compared with the 


Table 1 — Aveiage Ci eatimn E\ciefwii m Noimal and m Diseased Peisons 




One Hour 

Fust Hour 

Second Hour 



Before 

After 

After 

Group 

Crentmin rAcretion 

Injection 

Injection 

Injection 

Norm 'll 

Total in milligrams 

64 

214 

113 


Milligrams per lOo c c 

15S 

S4G 

193 

Cardiac diseases 

Total in milligrams 

42 

127 

107 


Milligrams per 100 c c 

ICO 

2S3 

1S9 

Diatietes mellitus 

Total m milligrams 

57 

16S 

130 


Milligrams per 100 c c 

115 

215 

110 

Arterial hypertension 

Total in milligrams 

49 

159 

96 


Milligrams per 100 c c 

134 

2S6 

189 


excretion for a period of fifteen minutes before The latter method 
has not proved reliable unless the urine is collected by catheter, but it 
may find a useful application when it is necessary to carry out the 
test m a short time and when it is desirable to study the excretory 
function of each kidney separately 

It is necessary m all tests to use extreme care that the bladder is 
emptied completely at the time of each collection of urine To promote 
as free a flow of urine as possible, the patient is given a glass of water 
(150 c c ) after each voiding 

The Evcretion of Ocatimn at Intel vals of One Hour — Twelve 
normal persons were first studied and then the results obtained in 
patients suffering from a variety of diseases, this series including five 
cases of cardiac decompensation, ten cases of diabetes mellitus and 
twenty cases of arterial hypertension The average excretion in this 
group is shown m Table 1 

3 Myers, VC A Simple Colorimeter for Clinical Purposes, J Lab & 
Clin Med 1 760 1916 
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This table shows that m this senes the total excretion of creatmiii 
one hoiii after injection is more than twice that of the houi pieceding 
injection, and if the cardiac group is excluded, the excretion at the end 
of one hour is three times as great as before injection The total 
excietion of cieatmm at the end of the second houi also aAeiages moie 
than twice that of the hour preceding injection, although in some groups 
It falls slightly below this average 

The excietion of cieatmm m milligiams pei hundred cubic centi- 
meters, which IS an index of the concentrating ability of the kidnejs, 
at the end of one hour is more than twice that of the hour preceding 
injection, while at the end of the second hour the inciease is not so gieat 

Table 2 — Cieatmtn Exoetion vi Tzventy-Five Cases of On ante 
Ycphi ifts After Injection of Creatimn “ 


Befoie 1 Hour After 2 Hours After Phenol 
Blood Injection Injection Injection sulplione- 



r 

•A 

/ 

j , 

/ 

_A 

/• 

, 

phthnlein 



Great 


Per 


Per 


Per 

Per- 



Urea 

mm 

Total 

100 0 e 

Total 

lOOC c 

Total 

100 Oc 

centage 

Hemarks 

1 

22 

18 

70 

59 

63 

71 

71 

94 

43 


2 

16 

1 5 

27 

183 

8 

98 

38 

224 

40 

Died 1 Iter of uremia 

3 

81 

50 

36 

70 

7 

18 

19 

50 

7 


4 

12 

1 7 

SO 

123 

54 

129 

50 

100 

IS 

Died 6 months later 

5 

20 

10 

56 

70 

0 

0 

142 

54 

40 


6 

11 

20 

16 

so 

12 

27 

12 

26 

Trace 

Died, necropsj 

1 

26 

15 

91 

201 

122 

102 

95 

95 

SO 


8 

46 

27 

45 

90 

46 

70 

70 

47 

Trace 

Died, necropsj 

9 

13 

12 

37 

83 

17 

105 

31 

118 

50 


10 

14 

23 

43 

112 

63 

ISO 

66 

200 

40 


11 

17 

28 

188 

153 

179 

256 

44 

146 

22 


12 

20 

20 

SO 

103 

89 

133 

25 

lOO 

16 

Died 3 months later 

IS 

22 

15 

25 

125 

9 

44 

40 

116 

25 


14 

46 

42 

48 

44 

60 

47 

64 

53 

3 

Died 2 months later 

15 

25 

26 

86 

284 

125 

125 

119 

61 

30 


16 

37 

15 

75 

35 

88 

42 

60 

50 

15 


17 

60 

24 

50 

99 

55 

109 

SO 

267 

15 

Died, neeroosj' 

18 

81 

70 

17 

68 

26 

58 

25 

62 

5 

Died, necropsj 

19 

21 

15 

75 

108 

57 

320 

53 

534 


Died, necrops^ 

20 

40 

66 

99 

142 

118 

157 

193 

222 

7 


21 

37 

28 

32 

71 

8 

50 

50 

105 

6 


22 

15 

1 5 

<74 

124 

109 

218 

no 

200 

35 


23 

15 

1 9 

91 

118 

121 

338 

118 

454 

45 

Died 2 months later. 

24 

35 

23 

SO 

100 

102 

164 

35 

69 

12 

necropsj 

25 

32 

2 0 

74 

41 

92 

77 

63 

63 

45 



* Urine was collected at one hour intervals Creatimn evcretion is expressed in milligr tins 
blood urea and blood creatimn are expressed in milligrams per 100 c c 


A study of the group of twenty-five cases of chronic nephritis shows 
a very different behavior in the excretion of creatimn following injec- 
tion This group is of especial interest, and the results are charted 
in some detail m Table 2 All of these patients w^ere clear-cut examples 
of patients with chronic nephritis, and an arterial hypertension w^as 
present Six of the patients came to neciopsy One patient died w hile 
under observation, but necropsy w’’as not perfoimed, and three patients 
died after discharge fiom the hospital 

A study of this table show^s that m chronic nephiitis the kidne}s do 
not lespond to the increased creatimn content of the blood bj' an increase 
in the output amounting to two or three times that excreted befoie 
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injection In eight patients the total amount of creatinm excreted dur- 
ing the hour period after injection was less than the amount excreted 
during the hour before injection This is a striking finding and indi- 
cates that while the normal kidney responds promptly to the increased 
amount of creatmm in the blood, this increase may in disease exert a 
partially paralyzing effect on the kidnej’- so that it excretes less than 
before (Fig 1) 

The excretion of creatmm m terms of milligrams per 100 cubic 
centimeters follows much the same course m these cases of chrome 



Chart 1 — Creatinm excretion in seven cases of chronic nephritis Note 
depression following intravenous injection of' creatmm A curve showing the 
average excretion in twelve normal controls is superimposed on the table The 
line and hollow dots indicate the average normal excretion , the line and solid 
dots indicate chronic nephritis 

nephritis as does the total excretion Here again the average creatmm 
concentration m the unne is only slightly increased one hour after the 
injection, and m eight instances it was actually less than before 

The phenolsulphonephthalem excretion m most of these patients 
was markedly decreased, although there were a few exceptions Patient 
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No 2. \\ho excieted 40 pei cent in two hours, died two weeks later 
of uremia, and Patient No 23, who excreted 45 per cent phenol- 
sulphonephthalein in t\\o houis, died two months later Both of these 
patients showed the nephritic type of creatinm curve, and the diagnosis 
of chionic nephritis was confirmed by necropsy in Patient No 23 
A comparison between the type of cuives obtained m chronic 
nephritis and those m other conditions is shown in Charts 1 and 2 
The Exaction of Cicaiimn at Intcroals of Fifteen Minutes — In 
ordei to shorten the time necessary for carrying out the creatinm test, 
a senes of observations were made on patients, examining the urine at 



Chart 2 — \\Lragc total creatinm excretion in three groups of cases, hour 
period'^ Tlic broken line and iiollow dots indicate normal , the continuous 
line and hollow dots, arterial hypertension, the continuous line and solid dots, 
chronic ncnhritis 

quarter hour periods instead of at the- end of each hour It was found 
carl} in the use of this method that slight delays m the collection of the 
urine or failure to empty the bladder completely made the results 
inaccurate In order to avoid these sources of erior, we cathetenzed our 
patients, and the catheter was kept m the bladder until the conclusion 
of the test 

This scries comprises a smaller gioup of cases consisting of eight 
cases of chronic nephritis, ten cases of arterial hypertension and eight 
caces of diabetic melhtus The urine in each instance was collected 
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first for fifteen minutes, then 0 5 gm cieatimn was injected intrave- 
nousl)^ and the urine collected at fifteen minute periods for one hour 
The patient received a glass of water (150 cc ) fifteen minutes before 
each collection of urine The results in terms of total creatinm excre- 
tion are shown in Figure 4, while the ability of the kidney to concentrate 
and excrete the creatinm is shown in Figure 5 

A study of the curve of total creatinm excretion shows that using 
fifteen minute periods of observation, the kidneys in chronic nephritis 
are unable to respond to the intravenous injection of creatinm by any 
marked increase in excretion In the two other conditions studied 
which were accompanied by no evidence of renal lesions, the miection 



Chart 3 — Average excretion of creatinm in milligrams per 100 c c of urine, 
m same patients as m Chart 2 The broken line and hollow dots indicate 
normal, the continuous line and hollow dots, arterial hypertension, the con- 
tinuous line and solid dots, chronic nephritis 


of creatinm was followed by a marked increase m output, the average 
for the first fifteen minute period after injection being three times that 
of the same period before injection 

The curve of urinary creatinm concentration in Figure 5 shows that 
while patients with diabetes and arterial hypertension respond with an 
immediate marked increase in concentration, followed by a fall, the 
nephritic patients show marked delay in this response 

This method of studying the creatinm excretion m fifteen minute 
periods is being used at this clinic for certain selected cases While our 
experience with it is not as great as with the method of hourly codec- 
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CInrt 4 — ucraqc totnl cicatitiin excretion o\cr fifteen mmulc pciiods The 
’solid Inu and iiollow dots indicate ailciial In pci tension, the bioken line and 
liollow dots, diibclcs inelliliis, the continuous line and solid dots, chronic 
nephritis 
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Clnit 5 — All! ape cxeietion of cicatinin in millipiams pci 100 cc of urine 
oicr fifteen innuitc pciiods, same patients as in Chait 4 Ihc hioken line and 
hollow dots indicate diahcles mellitus, the continuous line and solid dots, 
chronic nephritis, the continuous line and hoHoiv dots, aitciial h 3 'pei tension 
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tions, it appears to be reliable when properly carried out, and may 
prove of great Aalue in studying the functional capacity of the individual 
kidney 

CONCLUSIONS 

The creatimn test as described in this paper has proved to be a good 
index of kidne} function in disease 

The normal kidneys respond to the intravenous injection of creatimn 
by an increased output of creatimn which averages three times that 
excreted during the same period of time 

The kidneys in chronic nephritis show on the average only a slight 
increase In many instances a decrease was observed 



THE EXCRETION OF ORGANIC ACIDS IN THE 
URINE OF PATIENTS WITH DIABETES 
MELLITUS 

P\bL STARR, MD, \nd REGINALD FITZ, AID 

BOSTON' 

Se\ei.il obseners ha\e descubcd cases of diabetes mellitus in ^^hlch 
there appealed to be scAeie acidosis but in which theie was no evidence 
in the urine of the piesence of acetone bodies Such cases have been 
described for example, b} Stadelmann ^ in 18S3, by Freiichs- in 1884, 
b) Lepine " in 1909, b} ReMllet * in 1914, b} Rosenbloom “ in 1915, b} 
McCaske^ m 1916 and more lecently by Bock, Field and Adair" in 
1923 These isolated obscrxations have suggested the possibility that 
other acids than the acetone bodies nia} pla} a pait in the pioduction 
of diabetic acidosis, and ha\e led us to study the urine of a series of 
diabetic patients to deteiniine whether othei organic acids than the 
ketones are e\cr excreted in am significant amounts This papei 
records the i exults of this woik 

\\ c ha\e used the following method Mixed twent}-foui hour sam- 
ples ol urine j)rcser\cd with toluol or fiesh single specimens weie used 
for each anahMs 'I he total organic acid concentration w'as delei mined 
b\ the method of \’an Shke and Palmer® The acetone body concen- 
tiation, including acetone, diacetic and beta-h} dro\-\ butyiic acid, w^as 
determined In the gi.iMniclric method of Van Slvke " Fiom these 
anahses we wcie able to fi action the oiganic acidiU of ain mine into 
two parts the first fi action being the one due to the acetone bodies, and 
the second being due to undetei mined organic acid oi acids In seveial 
samples we determined the creatin and cieatinm content by Folm’s 

* From the Medical Clinic of the Peter Bent Brigham Hospital, Boston 

1 St ulclmaini, IZ Uchcr die Ursachen dcr palhologischen Ammoniakans- 
seheidnne bemi Diabetes Mellitus uiul dcs Coma dnbcticnm, Arch f cxperi- 
mentellc I’athol 17 •119-1-1-1, 188> 

2 \ on Frenchs, F T Ueber den Diabetes, Beilm August Hirsclneald, 
18S4. p in 

"5 Lepinc, R Lc dnhetc snere, Paris, Alcan, 1909 

A Re\illet Coma ehc/ tine diabetiqnc sans acelomiric, Ljon med 122 817, 

Idll 

s Rost nl doom ] \ Form of Diabetic Coma, Rot Due to the Acetone 

Bodies, New Aork M I 102 294-296 (Jan 29) 1915 

0 McCaskee, G \V A Case of Fatal Diabetic Coma Without Diacctic 
or Beta-0\jbut\ ric \cid, T A AI A 66 350-351, 1916 

7 Bock, \ , Field II, Tr, and Adiir, G S The Acid Base Equilibrium 

in Diabetic Conn, In pi ess 

S \ in Shke, D D, and Palmei, W W Ihe litration of Organic Acids 
in Urine I Biol Chem 41 567-585, 1920 

9 \ in Shke, D D The Determination of B-I-hdioxihutjiic Acid, Aceto- 
\cetic \cid, and Acetone m Urine T Biol Chem 32 455-493, 1917 

10 Foliii O Laboratoii Alamial of Biological Chemistn, Neu York, D 
Apiileton 3, Co 1922 
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method, as Van Slyke and Palmer point out that these substances may 
interfere with the total organic acid exOretion obtained by their method 
We did not find, however, that this analysis was necessary in every 
case, as the highest creatm and creatinin figuies encountered in the 


Table 1 — The 0) game Acid Excietion in the Uiine of Patients 
zvith Diabetes Mellitus 


C c Iv/lO Acid per Liter 


Sample 

Ko 

1 

2 

3 

4 

5 

a 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 
2S 

29 
SO 

31 

32 

33 

34 

35 

30 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


Tot il 
Organic 
Acid 
1,750 
1 740 
1 480 
1 420 
1,370 
1,320 
1,280 
1 220 
1 220 
1 ISO 
1,1S0 
1,170 
1,110 
1080 
1,060 
1040 
1,020 
9S0 
970 
970 
960 
960 
960 
960 
940 
910 
910 
900 

sro 

840 

820 

820 

SCO 

800 

800 

780 

760 

750 

720 

720 

720 

700 

700 

700 

680 

670 

670 

670 

660 

640 


Total 
Acetone 
1380 
1,450 
1 140 
1,140 
1,050 
1,140 
980 
1040 
1 000 
870 
905 
790 
770 
910 
910 
840 
850 
800 
800 
690 
650 
820 
670 
790 
770 
570 
570 
825 
690 
700 
670 
500 
710 
700 
550 
410 
610 
430 
480 
470 
460 
310 
340 
570 
300 
450 
420 
500 
440 
300 


Dndeter 

mined 

Acid 

370 

290 

340 

280 

320 

180 

300 

ISO 

220 

310 

275 

380 

340 

170 

150 

200 

170 

180 

170 

280 

310 

140 

290 

170 

170 

340 

210 

75 

170 

140 

150 

320 

90 

100 

250 

370 

150 

'320 

240 

250 

200 

390 

300 

150 

380 

220 

250 

170 

220 

340 


Sample 

No 

51 

52 

53 
64 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 
67 
6.8 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 
90 

97 

98 

99 
100 


Total 

Organic 

Acid 

620 

600 

600 

000 

590 

580 

580 

580 

BSO 

550 

540 

540 

500 

500 

480 

480 

480 

460 

440 

440 

420 

420 

420 

420 

410 

400 

400 

400 

380 

380 

370 

370 

360 

320 

320 

300 

290 

280 

280 

260 

250 

250 

220 

220 

220 

200 

200 

200 

ISO 

170 


Total 

Acetone 

470 

420 

350 

360 

430 

410 

150 

170 

320 

370 

170 

170 

290 

260 

190 

160 

210 

70 

240 

270 

270 

270 

60 

60 

300 

170 

200 

125 

140 

lOO 

190 

ISO 

ISO 

SO 

40 

ICO 

110 

50 

2C0 

40 

25 

50 

60 

0 

70 

40 

20 

10 

35 

70 


Undeter 

mined 

Acid 

150 

180 

250 

240 

160 

170 

430 

410 

260 

180 

370 

300 

210 

240 

290 

320 

270 

390 

2u0 

170 

150 

150 

360 

340 

no 

2S0 

200 

275 

240 

280 

ISO 

190 

160 

240 

2So 

200 

180 

230 

SO 

220 

225 

200 

160 

220 

150 

100 

ISO 

190 

155 

100 

233 


Average 


* Urines in -nhicli the vindetennmed fraction -svas less than 450 c c per liter 

urines containing most nitrogen did not account for any large propor- 
tion of the total urinary acidity We expressed our results in terms of 
decinormal organic acid or total acetone per liter of urine 

We analyzed in this fashion a senes of 114 urine samples obtained 
from eighteen diabetic patients with varying degrees of acidosis, divid- 
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mg the results into two groups Group 1 contains those urines of 
varying degrees of acidity in which the undetermined organic acid 
fraction was 450 c c or less per liter Group 2 contains those diabetic 
urines of varying degrees of acidity m which the undetermined organic 
acid fraction was more than 450 cc per liter We divided our results 
in this arbitrary fashion because Van Slyke and Palmer’s figuies for 
thirteen normal men show that the average normal organic acid excre- 
tion does not exceed 450 c c per liter of urine The results of these 
analyses are recorded m Tables 1 and 2 

As can be seen by Table 1, 100 of the 114 samples of urine, or 
88 per cent , had an unidentified organic acid excretion of less than 
450 c c to the liter In this series the unidentified acidity varied between 
430 and 75 c c to the liter, while the average was 233 c c Those urines 
with the highest total acidity contained the most acetone bodies, and tbe 

Table 2 — The Oigantc Acid Excietion in ihe Unne of Patients 
zaith Diabetes Mellitus 


C C N/IO Acid per Liter 

J L _ _ _ 


Sample No 

Total Organic 
Acid 

Total 

Acetone 

Undetermined 

Acid 

1 

2,970 

40 

2,930 

2 

1,620 

1,100 

520 

3 

1,540 

870 

070 

4 

1,460 

885 

575 

5 

1,460 

860 

COO 

6 

1,440 

945 

495 

7 

1,380 

150 

1,230 

8 

1160 

675 

485 

9 

1,120 

420 

700 

10 

1,100 

220 

880 

11 

960 

0 

900 

12 

880 

140 

740 

13 

800 

330 

470 

14 

610 

109 

501 


* Urines in nhich the undetermined fnction nas more than 150 ce per liter 


parallelism between the excretion of the total organic acids and acetone 
bodies was striking Van Slyke and Palmer have already mentioned 
that the organic acid titration in diabetic urines is so parallel to the 
acetone body analyses that the rise above the normal output in organic 
acid excretion may be used as an approximate measure of the acetone 
body excretion So far as we can determine from the literature, the 
method has not come into general clinical use m this country for this 
purpose except at the Montreal General Hospital, where Rabinovitch 
reports satisfactory results with it Our data show that by subtracting 
the average undetermined acid figure of 230 from any one of the total 
organic acid readings, we obtained a fair index of the total acetone 
concentration, especially m cases m which this was high enough to be 
of any clinical significance This point is important for people doing 

11 Rabinovitch, I M A Simple Method for Determining the Approxi- 
mate Degree of Acidosis in Diabetes Mellitus, Canad M J 11 526-528, 1921 
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routine diabetic laboratory work, as the organic acid titration is simple 
and easy to peiform, whereas the total acetone estimation is more time 
consuming and requires more apparatus 

Table 2 records the fourteen urine samples from four cases which 
contained more than 450 c c of unidentified organic acid to the liter 
The unidentified fraction varied from 485 c c to 2,930 c c The urine 
of one of Van Slyke and Palmer’s normal men contained 740 c c of 
tenth normal organic acids to the liter If we exclude all the urines in 
Table 2 with readings below this point on the ground that they might 
contain no more than normal amounts of acid, there still remain four 
samples from two cases of coma with so high a concentration of uniden- 
tified organic acid as to bring up the question whether such acid or acids 
may not have produced clinical symptoms of acidosis, and may not have 
played a part in producing the clinical picture of diabetic coma 

If other acids than the ketones produce diabetic acidosis, they should 
be recognizable not only in the urine but also should manifest them- 
selves in the blood Our next step, therefore, was the attempt to dis- 
cover the presence of such acids by fractioning the acid content of the 
blood from cases with diabetic acidosis as we fractioned the acidity of 
the urine For this purpose we have made use of an indirect method 
open to certain obvious objections, but one which has yielded interesting 
results 

Fitz and Van Slyke estimated in their studies on the alkaline 
leserve and acid excretion that the acid retained in the blood could be 
lationally expressed by the following formula 

Retained acid = 80 — plasma COo 

They used this expression because they found that when the plasma 
carbon dioxid reached 80 volumes per cent the urinary acidity to 
phenolphthalein and the ammonia excretion approached zero, while as 
the plasma caibon dioxid fell below this point the excretion of fiee 
and combined acids increased proportionally Fiom this they con- 
cluded that there was a definite relationship between acids retained in 
the blood and acids excreted in the urine and that when the blood 
carbon dioxid was 80 volumes per cent theie was a negligible amount 
of acid in tbe blood and therefore no excretion of acid in the urine 

Van Slyke, Stillman and Cullen have demonstrated that the 
molecular concentration of carbon dioxid in any plasma can be found 
by dividing the volumes per cent of carbon dioxid as determined by 
Van Slyke’s method by 2,240 

12 Fitz, R, and Van Sb'ke, D D The Relationship Between Alkaline 
Reserve and Acid Excretion, J Biol Chem 30 389-400, 1917 

13 Van Slyke, D D , Stillman, E, and Cullen, G E A Method for 
Titrating the Bicarbonate Content of the Plasma, J Biol Chem 38 167-178, 
1919 
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Assuming that acids retained in the blood displace carbon -dioxid in 
ratio to their molecular concentration, and accepting Fitz and Van 
Slyke’s figures, the “retained acid” of the blood can be expressed as 
follows 

Molecular concentration of retained acid = 0 0357 — 

. 2,240 

We used this formula and determined in this fashion the molecular 
concentration of the total “acid letamed in the blood” in a senes of 
fifty-two blood samples from twelve cases of diabetes We obtained at 
the same time the molecular concentration of the acetone bodies in 
these bloods including acetone, diacetic acid and beta-hydroxybutyric 
acid by the gravimetric method of Van Slyke and Fitz thus we were 
able to fraction indirectly the “retained acid” of these bloods into two 
parts, the first fraction being the one due to the acetone bodies and the 
second being due to undetermined acid or acids 

We have arbitrarily divided the results of these analyses into two 
groups The first group contains the bloods with an unidentified 
“retained acid” of concentration less than 0 0135 M The second group 
contains the bloods with an unidentified “retained acid” of concentra- 
tion greater than this figure We have selected this figure as a dividing 
point because acetone free bloods with a carbon dioxid combining power 
of less than 50 volumes per cent will necessarily have a “retained acid” 
of greater concentration than 0 0135 M, and plasmas with carbon dioxid 
capacities below this point are ordinarily supposed to be indicatue of 
acidosis 

As can be seen forty-six bloods, or 88 per cent of the samples 
studied, fall in Group 1, the average undetermined “retained acid” hav- 
ing a molecular concentiation of 0 0072, the maximum “retained acid” 
being 0 0135 M and the minimum being zero It is of interest, however, 
that the variation in unidentified “retained acid” should have been so 
relatively slight considering that the blood samples represented degrees 
of acidosis from 12 8 volumes per cent of carbon dioxid to noimal, and 
degrees of acetonemia from over 100 mg of total acetone per 100 c c 
of blood to less than 10 mg Furthermore, the average molecular con- 
centration of “unidentified retained acid” w^as 0 0072 M, which would 
correspond to an alkali reserve of 80 — 16 1, or 63 9 volumes per cent , 
which IS a normal figure 

Table 4 includes the six blood samples with an unidentified “letained 
acid” of a concentration greater than 0 0135 M The figures vary 
between 0 0148 and 0 0205 M They appear to be of greater significance 
if the effect of the “unidentified retained acid” on the plasma bicar- 
bonate is estimated The blood with the lowest undetermined “retained 
acid” represents one having an acidosis of 80 — 32 5, or 47 5 ^olumes 

14 Van Slyke, D D , and Fitr, R The Determination of B-Hjdrox>but\ric 
Acid, Aceto-Acetic Acid, and Acetone m Blood, T Biol Chem 32 495-497, 1917 
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per cent of carbon dioxid, a figure on the lower limits of normal The 
blood having the highest undermined “retained acid” repiesents one 
having an acidosis of 80 — 46 or 34 volumes per cent of carbon dioxid, 
a figure certainly low enough to be significant 

On the whole, we found from these preliminary observations that 
about 90 per cent of a series of 114 diabetic urines contained uniden- 
tified acid or acids within the concentration limits of organic acids 


Table 3 — The “Retained Acid” in the Blood of Patients with 
Diabetes Melhtus* 


Total 

“Eetamed 

Acid” 

Number Molecular 


1 

0 0334 

2 

0 0304 

3 

0 0285 

4 

0 0277 

5 

omm 

6 

0 0240 

7 

0 0227 

8 

0 0221 

9 

0 0219 

10 

0 0206 

11 

0 0200 

12 

0 0194 

13 

0 0187 

14 

0 0185 

15 

00182 

16 

0 0156 

17 

00156 

18 

0 0152 

19 

0 0151 

20 

0 0151 

21 

00151 

22 

0 0151 

23 

0 0149 


Toni 

Undetermined 

Acetone 

“Retained 

Bodies 

Acid” 

Moleculnr 

Molecular 

0 0240 

0 0094 

0 0196 

OOlCS 

0 0183 

0 0102 

0 0213 

0 0064 

0 0140 

0 0129 

0 0109 

0 0131 

0 0123 

0 0104 

0 0106 

0 0115 

0 0113 

0 0106 

0 0072 

0 0134 

0 0065 

0 0135 

0 0104 

0 0090 

0 0123 

0 0064 

0 0108 

0 0077 

OOOCS 

0 0114 

0 0063 

0 0093 

0 0057 

00099 

00079 

0 0073 

0 0070 

OOOSl 

0 0088 

0 0063 

0 0070 

0 0080 

0 0147 

0 0004 

0 0040 

0 0109 


Total 

“Betained 

Acid” 

Number Molecular 


24 

0 0148 

25 

0 0146 

26 

0 0142 

27 

0 0137 

28 

0 0136 

29 

0 0133 

30 

0 0129 

31 

0 0126 

32 

0 0122 

33 

0 0112 

34 

0 0111 

35 

00109 

36 

0 0103 

37 

0 0098 

38 

0 0097 

39 

0 0094 

40 

0 0093 

41 

0 0093 

42 

00091 

43 

0C0S9 

44 

0 0089 

45 

0 0084 

46 

0 0062 


Total 

Undetermined 

Acetone 

“Retained 

Bodies 

Acid” 

Molecular 

Molecular 

OOlOS 

00040 

0 0084 

0 0062 

0 0125 

0 0017 

0 0088 

00049 

0 0071 

0 006} 

00072 

0 0061 

0 0112 

0 0017 

0 (K)57 

00069 

0 0017 

0 0075 

0 0038 

00074 

0 0046 

00065 

0 0046 

0 0063 

00084 

0 0019 

OOOSS 

0 0060 

0 0015 

00082 

0 0044 

0 0050 

0 0053 

0 0040 

0 0027 

0 006u 

0 0073 

0 0018 

0 0090 

OOOOO 

0 0042 

00047 

0 0029 

0 0055 

0 0053 

0 0009 


* Bloods m -nhich the undetermined fraction was m a concentration less than 0(1135 M 


Table 4 — The "Retained Aeid’’ in the Blood of Patients with 
Diabetes Melhtus* 



Total 

Total 

Undetermined 
“Retained Acid” 


“Retained Acid” 

Acetone Bodies 


Molecular, 

Molecular, 

Molecular, 

Number 

per 100 0 c 

per lOO 0 c 

per 100 0 c 

1 

0 0304 

0 0099 

0 0205 

2 

0 0304 

0 0156 

0 0148 

3 

0 0317 

0 0126 

0 0191 

4 

0 0295 

0 0140 

0 0145 

5 

0 0287 

OOlOS 

0 0179 

6 

00198 

0 0035 

0 0163 


* Bloods in ^hich the undetermined fraction nas m a concentration more than 0 0135 M 


present m normal urines About 10 per cent, however, contained 
organic acid or acids other than the acetone bodies in considerably 
higher concentration than is ordinarily found m normal urines About 
90 per cent of a series of fifty-two diabetic bloods contained acetone 
bodies of which the molecular concentration appeared to account for the 
diminution below 80 volumes pei cent of alkali reserve encountered, 
and m which therefore the unidentified “retained acid” fraction 
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was insufficient to produce acidosis About 10 pei cent contained an 
alkali reseive which was fai less than could be accounted for by the 
blood acetone body concentration present, and which therefore had an 
Unidentified “retained acid” fraction which might be a factoi in pio- 
ducing symptoms These facts suggest that m certain cases of diabetic 
acidosis other acids than the acetone bodies aie formed in the body m 
abnormal amounts and are excreted in the urine 

We have seen clinically at least six cases of diabetes which support 
this conclusion Bock, Field and Adaii have lecently published one of 
these cases, and foui otheis are reported heie The following case is 
first discussed by way of control We believe that it repiesents the type 
of diabetic acidosis due solely to acetone bodies and is commonly 
encountered 

REPORT OF CASES 

Case 1 — P B B H , a woman, aged about 50, with diabetes of ten years’ 
duration, entered the hospital Feb 23, 1923, with a plasma carbon dioxid of 
19 volumes per cent and appeared critically ill She was treated with insulin 
and ordinary dietetic management The studies on acidosis which were made 
are recorded in Table 5 


Table S — Acidosts vi Case 1 




Urine 

K 




Blood 



Total 


Total 


Total 

Total 

Total 


Organic 

Total Undetermined 

“Retained 

Acetone 

Undetermined 


Acid 

Acetone 

Acid 

Total 

Acid,” 

Bodies, 

“Retained 


0 c N/10 

Oc N/10 

Oc N/10 Nitrogen, 

per 

per 

Acid," 


por 

per 

per 

Gm per 

ICO 0 c , 
Molecular 

100 0 c , 
Molecular 

per 100 0 c , 
Molecular 

Date, 1923 

24 Hours 

24 Hours 

24 Hours 

24 Hours 

Feb 23 





0 0281 

0 0183 

0 0101 

24 

4,850 

3,300 

1,550 

13 3 

0 0227 

0 0123 

0 0104 

25 

3,850 

2,180 

1,670 

19 7 

0 0194 

0 0101 

OCOSO 

27 

2,640 

1,650 

990 

10 7 

0 0151 

0 0070 

0 0081 

28 

1,500 

1,120 

380 

56 

0 0147 

0 0081 

0 0073 

March 2 

1,300 

860 

440 

4 7 

0 0133 

0 0071 

0 0062 

5 

1,170 

710 

460 

51 

0 0137 

OOOSS 

0 0019 

7 

1,740 

960 

780 

56 

0 0136 

0 0071 

0 0065 

9 

1,260 

630 

630 

59 

0 0111 

0 0046 

0 0065 

13 

640 

140 

500 

4 4 

0 0093 

0 0027 

OCOCO 


When the “retained acid” of the blood was highest, the excretion of organic 
acids was highest, and as the “retained acid” of the blood diminished so did 
the total acid excretion There was a definite parallelism, also, between the 
blood acetone concentration and acetone excretion and between the undetermined 
“letained acid” of the blood and its excretion These various relationships 
are shown graphically in the chart 

The fact that the nitrogen excretion was highest when the undetermined 
organic acid excretion was highest and that it fell as the undetermined 
organic acid excretion fell, suggests a possible interrelationship between protein 
catabolism and the acid or acids excreted In this case the molecular con- 
centration of undetermined “retained acid” in the blood never exceeded 00104 M 
We do not consider, therefore, that this patient had an acidosis of sufficient 
degree to influence the alkali reserve caused by acids other than the acetone 
bodies in spite of the somewhat increased undetermined organic acid excretion 
during the first few days’ observation On the other hand, we believe that in 
this case the clinical signs of acidosis were due entirely to the acetone bodies 
This case offers a shaip contrast to the four following cases 
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Case 2 — K man, aged 49, entered the Massachusetts General Hospital on 
Feb 2, 1920, m coma and died thirty-six hours later By way of treatment 
he was given forced fluids, oatmeal gruel and orange juice He did not receive 
alkali The observations on acidosis obtained are given in Table 6 

As can be seen, the total “retained acid” of the blood increased as coma 
developed while the acetone fraction diminished As a result, the undetermined 
“retained acid” in the blood increased to a point compatible with the produc- 
tion of clinical symptoms The concentration of unidentified acids in the urine 
increased as judged by the titratable acidity plus the ammonia figure, while the 
concentration of acetone bodies in the urine diminished It seems highly 
probable, therefore, that this patient died with an increasing acidosis of undeter- 
mined cause, the acetone bodies plajung a minor part 



The “retained acid” of the blood and the excretion of organic acids in 
a case of severe diabetic acidosis The columns represent the molecular 
concentration of the “retained acid” of the blood or the twenty-four hour 
excretion of tenth normal organic acids in urine The solid columns represent 
the molecular concentration of acetone bodies in the blood or their excretion 
as tenth normal acid in urine The Avhite columns represent the molecular 
concentration of “unidentified retained acid” in the blood and the unidentified 
tenth normal organic acids excreted m the urine 

4 

Case 3 — A man, aged 22, entered the Massachusetts General Hospital on 
Feb 6, 1923, in coma and died about thirt}^ hours later By way of treatment 
he received forced fluids, oatmeal gruel and orange juice, sodium bicarbonate 
and insulin The observations made on his blood and urine are given in 
Table 7 

Ihe concentration of oiganic acids excreted in the urine increased steadily 
despite the fact that the acetone fraction diminished Thus the undetermined 
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fraction grew steadilj larger At the first anal) sis the undetermined “retained 
acid” figure in the blood was abnormallj high and remained ele\ated despite 
the fact that the acetone bodies disappeared from the blood It is possible 
that the undetermined “retained acid” of the blood was actuall) greater than 
appears in the table because of the sodium bicarbonate gnen, as this would 
tend to lower the “undetermined retained acid” fraction of the “blood acidit\ ’ 
as w'e have estimated it Despite the alkali taken, the patient was m acidosis 
at the time of death as the plasma carbon diovid capacit) was onh 40 Aolumes 
per cent, and the acidosis was not due to the acetone bodies 


T \BLE 6 — 'Ictdosis til Can 2 




Urine 



Blood 

A. 



'lotnl 


lot ll 

lotnl 

Total 

Tot ll 


Organic 

lot ll 

Undetermined 

Rctnined 

Veetono 

Undetermined 


Acid,* 

Acetone 

4cid 

Acid ” 

Bodies, 

‘ Retained 


Oc X/10 

C e X/10 

Cc X/10 

per 

per 

Acid,” 


per Liter 

per Liter 

per Litei 

ICO C e , 

lOO C c , 

per lOO C c 

Date 19-20 

Di me 

Urine 

Urine 

AIolccul 11 

Moicculnr 

Jloicculnr 

February entn 

S-0 

910 

— ao 

0 02S1 

0 0212 

OCOCO 

24 hours 




OOSC4 

0 019S 

0 0109 

3<3 hours 

S>3 

jjO 

+303 

0 0304 

OOlOO 

0 0-204 


* In tins ease tlic urimn nculitv was not titntoil bv the method ot Van Sljkc and 
Palmer, it is the titratable aciditj bj Folm’s method plus the e c oi tenth normal immonn 


Ta.ble 7 — Observations on Blood and Unne in Case 3 




Unne 

k 



Blood 

k 



Total 


Total 

lotal 

Total 

Total 


Organic 

Totil 

Undctcmimed 

‘‘Retained 

Acetone 

Undetermined 


Acid, 

Acetone, 

Acid, 

Acid,” 

Bodies, 

‘‘Retained 


Cc X/10 

Oc X/10 

Cc X/IO 

per 

per 

Acid,” 


per Litei 

per Liter 

per Liter 

ICO 0 c , 
Molecul ir 

100 Cc , 
Molecular 

per ICO C c , 
Molecular 

Feb 6^,10-23 

Urine 

Urine 

Urine 

Entn 

1,1C0 

675 

4S5 

0 0329 

0 01S3 

0 024G 

4 hours 




0 0-279 

0 0129 

0 0150 

14 hours 

1,3£0 

14(5 

1 234 

0 0219 

0CO04 

0 0-203 

SO hours 

1 too 

90 

1 (510 

0 0179 

OOCOO 

0 01T4 


Table S 

— Blood 

and Vi Hit 

dnaivsi 1 m 

Case 4 



Uiine Blood 



lot ll 


lot ll 

lot ll 

'1 ot ll 

'lot ll 


Organic 

Total 

Undeteniiincd 

‘ Retained 

Icetone 

Undetcrniiiud 


Acid, 

Ucetone, 

Acid, 

Acid ” 

Bodies 

Ret 1 ii'd 


Oc X/10 

0 c X/10 

Cc X/10 

pel 

pu 

\cid ’ 


per Liter 

per Liter 

per I Iter 

ICOC r , 

100 Cc 

pel ICC C e 

Date, 19-23 

Urine 

Unne 

Urine 

Molecul ir 

■MoIcluIu 

■Molecul ir 

ll 14 

1 1(50 

fi'O 

'10 

0 02S9 

0 0100 

0 01S9 


Case 4 — P B B K a girl, aged 22 entered the hospital on April 14, 1923, in 
coma Diabetes was of sixteen months’ duration, and she had been recenmg 
insulin at home tor two months pretious to entry A week before entr) she 
det eloped a sore throat and teter with resultant decrease in tolerance and 
detelopment of acidosis Her plnsician continued the administration of insulin 
and m addition advised forced fluids and a carbohydrate diet Despite this treat- 
ment, acidosis persisted, and she became unconscious twehe hours before being 
sent to the hospital She died tw'O hoi rs later blood and urine anal) ses ) lelding 
the results given in Table 8 
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As can be seen, there was a marked degree of acidosis with a large undeter- 
mined “retained acid” fraction m the blood, showing that the acetonemia was 
not accountable for the depletion of the alkali reserve which was present The 
undetermined acid concentration of the urine was SlO c c to the liter, a figure 
much higher than our average normal From this evidence we believe that 
the acidosis present was only in part due to acetone bodies and that other 
acids than the ketones were a factor in producing death 

Case S — P B B H , a woman, aged S3, who entered the hospital on April 5, 
1923, had diabetic symptoms of a year’s duration Three weeks before entry she 
became very weak and thirsty, and on the morning of admission suddenly had an 
epileptiform convulsion and became unconscious She was brought to the 
hospital a few hours later 

The history was not typical of diabetic coma However, physical examina- 
tion gave no evidence of any cerebral lesion, lumbar puncture was normal, 
there were no signs of uremia, and the patient had acidosis, acetonemia, 
glycosuria, acetonuria and a blood sugar concentration at entry of 0 53 per cent 
The observations given in Table 9 were made on acidosis 

The striking feature in this case was the marked degree of acidosis present 
in the first blood sample without a corresponding blood acetone body concen- 
tration, and the presence in the urine throughout of a large proportion of 


Table 9 — Acidosis m Case 5 




Urine 



Blood 



Total 

Organic 

Total 

Total 

Undetermined 

Total 

"Eetained 

Total 

Acetone 

Total 

Undetermined 


Acid, 

Acetone, 

Acid, 

Acid,” 

Bodies, 

“Eetained 


Oc N/10 

Oc N/10 

Oc N/10 

per 

per 

Acid," 


per Liter 

per Liter 

per Liter 

lOO 0 c , 
Molecular 

lOOCc , 
Molecular 

per lOO C c , 
Molecular 

Date 1923 

Urine 

Urine 

Urine 

April 5 

790 

250 

SlO 

00251 

00090 

00161 

6 

900 

»i0 

560 

0 0159 

0 0074 

00085 

7 

1,030 

510 

520 

00127 

00067 

0 0060 

9 

1,310 

6S0 

060 

0 0108 

0 0051 

00057 

13 

840 

430 

410 

0 0090 

0 0051 

0 0038 

17 

6S0 

230 

450 

OOOS6 

0 0029 

0 0057 


unidentified organic acid We believe therefore that in this case, also, other 
acids than the acetone bodies were m part responsible for the acidosis present 
The patient was given insulin and sodium bicarbonate at entry with an almost 
immediate improvement After consciousness was regained a few hours later, 
the subsequent course m the hospital was uneventful 

COMMENT 

On the whole, the foregoing data suggest that in certain cases of 
diabetic acidosis other organic acids than the acetone bodies are 
encountered, and play a part in the production of symptoms These 
acids may be excreted m the urine in larger concentiation than found in 
normal urines Under these conditions the fall of the plasma bicar- 
bonate below 80 volumes per cent is usually m excess of that account- 
able for by the concentration of acetone bodies m the blood 

These observations appear to be of both theoretical and practical 
significance They are of theoretical significance as one naturally 
wonders what such organic acids may be and what part they play in 
the disturbed metabolism of diabetes We have no information on 
tins point 
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These obseivations aie of practical significance for two reasons 
The parallelism between the excretion of total organic acids and of the 
acetone bodies is so striking in the vast majoiity of instances as to give 
a fan index of the acetone body excretion The titration is simple and 
consumes little time Therefore it may be used to advantage for loutine 
work when more specific information in legaid to the acetone body 
excretion is required than that afforded by the qualitative diacetic acid 
or acetone reaction but when highly accurate analyses are not needed 
The only objection to the method which we have found is that urines 
containing large amounts of albumin will give high organic acid titiation 
leadings on account of then albumin content To the best of our 
knowledge, howevei, this source of error has not been present in the 
diabetic urines discussed in this paper Moreover, a high degree of 
albuminuria is not often found in diabetic urines 

In the second place, the facts reported are of clinical significance 
as they suggest that patients with severe diabetic acidosis can be sepa- 
rated into at least two groups The first group comprises those cases m 
which the acetone bodies alone appear responsible for the acidosis 
In these cases, the unidentified organic acids excreted in the urine aie 
not m excess of normal , the urinary acid excretion consists almost 
entirely of acetone bodies, and the fall below 80 volumes per cent of 
the alkali reserve of the plasma corresponds to the molecular concentia- 
tion of the acetone bodies in the blood These cases respond satisfac- 
toiily to insulin and do not necessarily lequiie alkali As insulin foices 
the oxidation of glucose, it checks the formation of the acetone bodies 
in the body, the accumulation of acetone in the blood diminishes, the 
alkali reserve increases, the excietion of acetone bodies becomes less, 
and the clinical picture of acidosis disappeais 

The second group comprises those cases in wdiich other acids than 
the acetone bodies appear to be a factor m producing acidosis In these 
cases, the concentration of unidentified organic acids excreted m the 
urine is in excess of noimal, and the fall below 80 volumes per cent of 
the alkali reserve of the plasma is much greater than can be accounted 
for by the molecular concentration of the acetone bodies in the blood 
These cases appear to require alkali as urgently if not more urgently 
than they lequire insulin, since insulin will clear up the acetone body 
acidosis but may not affect the acidosis due to other acids, and the 
alkali leleased by the disappearance of acetone from the blood and 
tissues may be insufficient to clear up the condition completely 

Severe diabetic acidosis is always a condition of emergency, and the 
necessary analyses to separate the two types of cases described are time 
consuming In the treatment of any given case of severe diabetic 
acidosis during the critical period, therefore, it seems reasonable to 
advise the use of insulin, forced fluids, liberal carbohydrate diet, and 
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small doses (from 15 to 25 gm pei day) of sodium bicarbonate as 
offering the most sensible and hopeful form of therapy This plan of 
treatment has already been lecently proposed by Campbell/^ by Bock, 
Field and Adair, and by Foster The results reported by these workers 
are sufficiently striking to justify the conclusions drawn Our results, 
obtained from a somewhat diffeient point of view, offer confirmatory 
evidence pointing to what appears to be a rational treatment of severe 
diabetic acidosis 


15 Campbell, W R Ketosis, Acidosis and Coma Treated by Insulin, J 
Metabolic Res 2 605-635, 1923 

16 Foster, N B Insulin in Diabetic Coma, Reported at the Meeting of 
the Association of American Physicians, Alay, 1923 

17 The insulin used in this study was insulin-Lilly 



THE SPECIFIC GRAVITY OF THE URINE 

HERAIAN SHARLIT, MD, ^nd WILLIAM G LYLE, MD 

NEW "iORK 
WITH COMMENTS B\ 

THOMAS ADDIS, MD 

SAN FRANCISCO 

In a recent number of the ARCiiivns or Internal Medicine ^ 
appeared a paper by T Addis and Marjorie G Foster under a title 
identical with the one given to this communication, wherein were offered 
experimental data which seemed to them to lead to the following 
conclusions 

The specific gravity of the urine of normal persons was measured under 
varying conditions designed to place a strain on the concentrating activity of 
the kidney It was found that not even an appioximate idea of the work of 
the kidney in the excretions of solids could be obtained from the results It is 
therefore concluded that specific gravity determinations cannot form part of 
any method intended to measure the amount of secreting tissue m the kidney 

Although it appeared to us evident that the data as presented had 
been wiongly mterpieted, we appreciated the possibility of correct 
conclusions m spite of false premises and faulty logic Consequently, 
we undertook to secure independent data and to analyze them after 
their procedure , we sought the aid of Dr Addis in acquainting us with 
the detailed records of his experiments reported in summary form 
He aided us cheerfully, and his coopeiation is hereby gratefully 
acknowledged 

We deem it important to quote fieely and in extenso from the papei 
of Addis and Foster, not only for clearly demonstrating the steps by 
which they arrived at their erroneous conclusions, but as well because 
we find occasion to offer criticism that has general applicability 

Addis and Foster “planned to determine whether there might not be 
certain special conditions under which the specific gravity of the urine 
could be used as a means for estimating the amount of secreting tissue 
in the kidney ” They reasoned that “if the specific gravity really does 
give the concentration of solids in the urine it can be used m conjunc- 
tion with a determination of the rate of urine excretion to measure the 
amount of solids excel ted pei unit of time Tins is a measurement 
which might very well be related to the amount of secreting tissue in 
the kidney ” 


From the Pathological Laboratory and Harriman Research Laboratorj, 
The Roosevelt Hospital 

t From the Medical Division, Stanford Unn ersity Medical School 
1 Addis, T , and Foster, Marjorie C The Specific Gravity of the Urine, 
Arch Int Med 30 555 (Nov) 1922 
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Seeking to induce a demonstration of the maximal concentrating 
capacity of the kidney, a group of subjects who abstained from fluids 
for twenty-four hours were put on a constant diet low in fluids, protein 
and salts Five experiments were performed on this group of subjects 
In each of these, only the night twelve hour samples of urine were col- 
lected for analysis In the first experiment nothing was fed the subjects 
at the beginning of this twelve hour period In the other four experi- 
ments, specific substances weie ingested by the subjects at the 
beginning of the night period as listed in Table 1 Each sample of 
urine had quantitative estimations of chlorin, phosphorous and urea in 
addition to measuiements of its volume and specific gravity 

Table 1 — Avciagcs f-iom Ten Notmal Posous Undo 
Ewe Diffetent Conditions 


Conditions 

JPluid restriction onlv 

Fluid restnction and addition of 30 gm urea m 15 per cent concen 
tration 

Fluid restriction and addition of 10 gm sodium chlorid in 5 per cent 
concentration 

Fluid restriction and addition of 10 gm sodium acid phosphate m 6 per 
cent concentration 

Fluid restriction and iddition of 30 gm urea, 5 gm sodium eWorld and 
5 gm sodium acid phosphate given in 200 cc water 


specific 

Volume 

Oral itj 

in 0 c 

1 027 

242 

1025 

597 

1 028 

391 

1 035 

213 

1025 

616 


Eeproduced from paper by Addis and Foster 


Continuing with a discussion of Table 1 the authors state 

Contrary to expectation these figures show that the specific gravity of the 
urine is not greater after the addition of urea, sodium chlorid or a mixture 
of urea, chloride and phosphate, than after fluid restriction alone But 

the main point of interest lies in the fact that the specific gravity results cannot 
be accounted for fully by the urine volume changes Their inadequacy can 
be shown by a consideration of the amount of urea, chlorid and phosphate 
which were secreted Thus, in the experiment with simple fluid restrictions the 
total amount of all three substances was 8 44 gm (NHiJsCO, 5 40 gm , -f NACL 
1 78 gm , -p NAHs PO4 1 26 gm ) When the mixture was taken the total amount 
eliminated was 3019 gm '(NH2): CO, 22 0 gm , + NACL 4 63 gm , + NaH 
PO4 3 56 gm ) It would be conservative to assume that these three substances 
together made up more than 75 per cent of the total solids of the urine and 
the remainder cannot have been far from constant since urines were from the 
same group of subjects on a fixed diet The figures 8 44 and 3019 may be 
used as an indication of the relative concentration of total solids in the two 
experiments In the one case there is 8 44 gm in 242 c c , a 3 48 per cent con- 
centration of solids In the other, there is 30 19 gm in 616 c c , a 4 90 per cent 
concentration of solids If the specific gravity of the urine depended only on 
the relation between the solids and the water in the urine we should expect 
to find a higher specific gravity in urine with 490 per cent solids than in one 
with 3 48 per cent solids But the table shows that the reverse is true, for with 
3 48 per cent solids the specific gravity is 1 027 and with 4 90 per cent the specific 
gravity is 1025 

The foregoing reasoning is founded on an unwarranted assumption 
concerning the relationship of total solid weight to the weight of the 
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Specific substances detei mined by Addis and Foster It is quite improb- 
able that when a constant diet is the souice of a given amount of 
chlonn, phosphorous and urea, the ratio of the weight of these sub- 
stances (calculated as sodium chlorid', sodium dihydrogen phosphate 
and urea) to the weight of the total solids is approximately the same 
as that obtained after the addition of sodium chlorid, sodium dihydio- 
gen phosphate and urea to this fixed diet While truly enough the 
weights of these substances in physiologic urine may represent at least 
75 per cent of the total solids as in the first experiment Table 1 (noth- 
ing added to diet), they represent at least 95 per cent or more of the 
total solids in the fifth experiment Table 1 (added salts and urea) This 

Table 2 — Results m E^pei tments 1 and 5 


Name 

Volume 
m G c 

Spceiflo 

Gravity 

Urea, 
Mg per 
Oc 

(1) J 

201 

1032 

351 

(2) W 

330 

1015 

14 7 

(3) Me 

138 

1 029 

25 9 

(4) S 

2SG 

1 029 

26 0 

(5) U 

255 

1025 

19 0 

(0)B 

108 

1036 

257 

(7)K 

103 

1034 

35 0 

(8) Sh 

393 

1014 

14 05 


(1) J 

575 

1029 

40 0 

(2) W 

BTT 

1023 

370 

(3) Me 

677 

1020 

315 

(4) S 

648 

1026 

32 7 

(5) U 

357 

1031 

382 

(0)B 

565 

1 025 

37 0 

(7) K 

070 

1 029 

33 5 

(8) SI 

675 

1 021 

36 5 

(9) Bo 

637 

1 024 

34 2 


A* Total Urea, 

Sodium Sodium 
Sodium Dihydrogen Chlorid, 
Ohlond, Phosphate, Dihydrogen 


Mg per 

Mg per 

Phosphate, 

Coeffl- 


Cc 

0 c 

Mg per 0 e 

cient f 

Ratio f 

4 68 

6 04 

45 82 

0143 

3 29 

483 

3 80 

23 35 

0156 

171 

1160 

6 05 

43 55 

0150 

147 

10 64 

6 67 

42 31 

0149 

1 59 

119 

5 95 

36 85 

0148 

1 07 

856 

8 45 

42 71 

0119 

151 

8 63 

750 

5173 

0183 

2 21 

2 85 

2 95 

19 85 

0142 

2 42 

B§ 

8 63 

6 55 

5518 

0191 

2 65 

1165 

4 50 

5315 

0 231 

2 30 

450 

4 08 

40 68 

0 204 

3 46 

8 78 

5 26 

46 74 

0180 

2 33 

10 3 

5 01 

54 41 

0175 

237 

4 40 

6 26 

47 66 

0190 

3 49 

884 

5 SO 

48 14 

0143 

229 

3 79 

4 59 

44 88 

0 214 

4 4 

7 28 

5 40 

46 88 

0195 

2 69 


* Columns 1 through 5 contain the extensive data on avhich the summary of Experiment 1 
(fluid restricted only), Table 1 is based Por convenience, nc have expressed as milligrams 
per cubic centimeter the concentration of the specific compounds In the original data per- 
centile expressions were used Columns 0, 7 and 8 are added by us as based on data m 
Columns 1 through 5 

t Column 6 divided by last three figures of the specific gravity 
t Column 3 divided by the sum of Columns 4 and 5 

§ Columns 1 through 5 contain the complete data on avhich the summary of Experiment 5 
(added urea, sodium chlorid and phosphate). Table 1 is based 


IS clearly brought out by the analysis of the figures m Column 7, Table 
2 The coefficients given therein are secured by dividing the weight per 
cubic centimeter of the substances estimated by the last three figures of 
the specific gravity For any given specific gravity the greater the weight 
of the solids, the gi eater numerically the coefficient In Experiment 1, 
Table 1 (restricted fluids only), the average coefficient is 0143 In 
Experiment 5, Table 1 (added salts and urea), the average coefficient 
IS 0 191 Coefficients based on estimations of total solids have been 
between 0 23 and 0 26 ^ The coefficients supplied by urine samples of 


2 Long, J H J Am Chem Soc 25 257 (March) 1903 
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Expenirent 5 more closely approach those derived from estimations of 
total solids The ratio of the coefficients of the two experiments — 1 
and 5 — give an approximate measure of the proportion of the total 
solid weight the specific substances detei mined by Addis and Foster 
represent m each of the experiments Taking the coefficient of Experi- 
ment 5, Table 1 (added salts and urea), as unity, that of Experiment 1 
IS 0 75 

The authois continue, then, discussion of Table 1 

The explanation of this apparent paradox lies in the fact — known ever since 
the first specific gravity was measured — that each dissolved substance has its 
own specific effect on the specific gravity of a solution This fundamental fact 
IS generally ignored in discussions on the specific gravity of the urine and 
either tacitly or openly, it is assumed that the specific gravity measures the 
total concentration of solids 

Some rough determinations of the specific gravity of varying concentra- 
tions of urea, sodium chloride and sodium acid phosphate are given in the 
accompaiiMiig figure 

Then follows a giaph depicting the fact that in pure solution sodium 
chlorid and sodium dihydrogen phosphate for a given concentration 
induce a considerably higher specific gravity than does urea A 1 per 
cent sodium chlorid solution has about the same specific gravity as a 
2 5 pel cent urea solution 

The assumption that the specific gravity measures the total concen- 
tration of solids is more thoroughly grounded m fact than the authors’ 
assumption that it does not They ignore the work of Trapp, Haeser, 
Naubauer and Long - The authors are much concerned about total 
solids, but confine their knowledge of the total solids of specimens in 
their experiment to assumptions — assumptions wffiich, as explained 
above, led to eironeous deductions 

Noav follo^YS Addis and Foster’s explanation of the “appaient 
paradox ” 

This graph shows how it came about that the specific gravity of the urine 
vas lower after taking a mixture of urea, chlorid and phosphate than after 
simple water restriction, even though the total concentration of solids was 
greater It was lower because a greater proportion of the total solids consisted 
of urea which has less effect m raising the specific gravity than chlorids or 
phosphates 

Within the range of temperatures at which the specific gravity of 
urine is usually taken, a 2 5 per cent urea solution in water gives about 
the same specific gravity as a 1 per cent solution of a mixture of 
sodium chlorid and sodium dihydrogen phosphate (within the limits of 
proportions of these two salts as found in urine) Therefore, if the 
ratio of the concentration of urea to sodium chlorid plus sodium dihy- 
drogen phosphate in a sample of urine was greater than 2 5, the 
tendency ought to be toward a relatively lower specific gravity, if this 
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explanation of the paradox is correct In Column 8, Table 2, are given 
these ratios for each sample of urine We see at once that the explana- 
tion of the paradox is refuted by an apparently new paradox That not 
only do samples (comparing urines of the same subject m both experi- 
ments) with relatively greater concentration of salts as against urea 
give lower specific gravities, but a lower specific gravity is secured in 
a specimen Avith a higher concentration of all thiee compounds 

Thus a sample of urine of subject J , Experiment 5 (Table 2 B) has 
a specific gravity of 1 029 as against 1 032 in Expenment 1 (Table 
2 A), even though the concentration of urea and salts in the former is 
higher In fact, five of the eight subjects of the experiments supply 
samples of urine m which the higher specific gravity is of a sample 
with the relatively greater concentration of uiea 

Table 1 summarizes the data from eight to ten subjects by express- 
ing each of the three functions concerned, that is, concentrations of salts 
and urea, volume and specific gravity as a simple arithmetical average of 
each function taken alone This is not at all permissible It in no way 
gives the data of the specimen the term “average” seeks to picture — the 
specific gravity, volume and weight of specific substances in a composite 
urine of the sample secreted by all subjects at the same hours following 
a constant diet The only way we know of actually obtaining such data 
IS by mixing the total volumes or a given aliquot of the urines of all the 
subjects, taking a specific gravity reading and estimating the weights of 
the substances concerned 

It is not our purpose to discuss here the statistical methods for 
determining relationships We need only emphasize the fact that Table 
1 IS a false summary of Table 2, on the data of which Table 1 is based 
Eight specimens are hardly enough for statistical treatment More 
important than the expression of a central tendency as given by an 
“average” is the measure of the deviation from that tendency — vari- 
ability If measures of the variability of the “average” of the thiee 
functions studied were included in Table 1, the unreliability of the 
average would be seen at a glance 

To what absurdities poor statistical handling may lead is seen in the 
following taken from Table 1 

r 2 23 % urea 

Specific gravit}^ 1 027 of a “Urine” with 0 736% chlorid 

[ 0 520% phosphate 

and a 

f 3 57 % urea 

Specific gravit}' 1 025 of a “Urine” with -j 0 751% chlorid 

i 0 578% phosphate 

While the salt concentration is practically identical in both 
“samples,” the urine having 1 4 per cent more urea has the lower specific 
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gravity This would make it appear that one could add urea to urine 
and thereby depress the specific gravity This cannot be done 

The explanation of the apparent paradox induced by Addis and 
Foster is quite appaient Measuring a portion of the urinary solids in 
two experiments they wrongly assumed that those measures bore the 
same lelationship to the total solids of the urines of their experiments, 
and therefore drew conclusions concerning total solids and specific 
gravity The difficulty was further complicated by the improper use 
of the arithmetical average m summarizing their data 

The number of specimens secured were too few to prove anything, 
and in all events, the conditions of the experiment made it impossible to 
conclude anything conceining the total solids of the urine 

In Table 3 are given seventy-one records of urine from the same 
person The patient was on a fairly constant diet throughout the period 
of obsei vation The samples represent two hour specimens passed dur- 
ing the day and from eight to twelve hour samples of the night Collec- 
tions of samples extended over a consecutive period of more than a 
veek The specific gravities were taken at room temperature The 
determination of the specific gravities was made by the drop method, 
employing Dr William G Exton’s ® immiscible balance which offers a 
satisfactory and accurate procedure The coefficients in the last column 
of the table were estimated to enable one to draw some conclusions 
concerning the adequacy of the method here used for studying the rela- 
tionship of total solids to specific gravity in urine The mean of the 
coefficients is 0 1356 with an average deviation of 0 0118, which is 8 7 
pel cent of the mean An analysis of the coefficients in Long’s ^ records 
(fifty-two cases) of his study of total solids shows the average deviation 
to be only 4 1 per cent of the mean And where, seeking to study only 
the products of metabolism, he attempted to allow for the effects of the 
sodium eWorld, he found that the aveiage deviation from the mean was 
greater ^ 

A study of the relationship between the specific gravity and the total 
solids in urine demands estimations of total solids and not merely of 
certain constituents of the urine Although the correlation of specific 
gravity measures and total solid concentration is not perfect — not the 
most unimportant reason for this may be limitations m accuracy for the 
recording and determination of these measures — it is strongly positive 
For clinical purposes the specific gravity may serve as an excellent 
measure of total solid concentration 

3 Exton, W G Trans Am Urological Assn 12 83, 1920 

4 Long, J H J Am Chem Soc 25 871 (Aug ) 1903 
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Table 3 — Seventy-One Recoids of Uune from Same Pei son 


Total Urea, 
Sodium Chlorid 





Sodium 

Sodium 

and Sodium 




Urea, 

Chlorid, 

Dihydrogen 

Dihvdrogen 



Specific 

Mg per 

Mg per 

Phosphate, 

Phosphate, 



Gravity 

C c 

C c 

Mg per C c 

Mg per C c 

Coefficient 

1 

1 0065 

4 22 

32 

022 

7 64 

0117 

2 

1 010 

4 89 

52 

on 

10 20 

0102 

3 

1 0205 

171 

96 

050 

27 20 

0132 

4 

1 0195 

15 3 

96 

151 

26 41 

0135 

5 

10285 

33 0 

44 

4 72 

4212 

0153 

ct 

1020 

16 5 

72 

211 

25 81 

0129 

7t 

10225 

18 8 

95 

2 31 

30 61 

0 136 

8t 

10205 

18 7 

87 

215 

29 55 

0144 

9 

1 0135 

11 2 

65 

099 

IS 69 

0138 

10 

10125 

883 

64 

0 55 

15 78 

0126 

11 

1 0095 

525 

51 

0 22 

10 57 

0112 

12 

1014 

9 22 

69 

116 

17 28 

0123 

13 

1025 

31 2 

16 

4 30 

371 

0148 

14 

1030 

34 9 

1 5 

4 57 

40 97 

0137 

15 

10265 

30 4 

38 

4 27 

38 47 

0145 

16 

1017 

14 9 

70 

1 47 

23 37 

0138 

17 

1012 

75 

62 

0163 

13 86 

0115 

IS 

1 0195 

12 7 

96 

0 59 

22 89 

0117 

19 

1 0205 

131 

96 

0 69 

23 39 

0114 

20 

10285 

26 5 

96 

3 33 

39 43 

0138 

21 

10305 

28 3 

90 

423 

41 53 

0136 

22 

1030 

27 4 

96 

3 41 

40 41 

0135 

23 

1 0225 

20 6 

90 

3 51 

3311 

0147 

24 

10305 

271 

89 

484 

40 84 

0134 

25 

10285 

24 6 

97 

4 11 

3841 

0135 

26 

1021 

20 5 

72 

151 

29 21 

0139 

27 

1032 

35 8 

5 0 

4 63 

45 42 

0142 

28 

1019 

13 3 

97 

1 16 

2416 

0127 

29 

10125 

97 

56 

0 38 

15 68 

0125 

30 

1012 

75 

79 

019 

15 59 

0130 

31 

1020 

15 8 

96 

163 

27 03 

0135 

33 

10325 

40 4 

58 

384 

5004 

0154 

33 

1 033 

41 2 

64 

3 76 

52 36 

0159 

34 

1 030 

30 9 

80 

4 49 

43 39 

0145 

35 

10335 

39 5 

80 

4 18 

51 68 

0154 

36 

1026 

21 7 

96 

1 28 

32 58 

0125 

37 

1018 

14 0 

94 

081 

24 21 

0134 

38 

1023 

19 0 

98 

112 

29 92 

0130 

39 

10225 

20 3 

96 

0 74 

30 64 

0136 

40 

1025 

25 0 

98 

271 

37 51 

0150 

41 . 

10315 

35 2 

94 

4 34 

48 94 

0156 

42 

1033 

40 5 

74 

4 68 

52 58 

0159 

43 

1032 

38 2 

62 

4 57 

48 97 

0153 

44 

1 026 

239 

98 

213 

35 83 

0138 

45 

1 0255 

255 

98 

1 47 

36 77 

0144 

46 

1 020 

15 7 

96 

0 81 

2611 

0131 

47 

1026 

28 0 

72 

283 

38 03 

0146 

48 

1038 

47 8 

86 

399 

61 39 

0162 

49 

10305 

30 0 

7 5 

4 07 

41 57 

0136 

50 

1 0265 

28 4 

97 

3 14 

41 24 

0155 

51 

1 02t>5 

27 1 

98 

2 85 

39 75 

0150 

52 

1 C095 

884 

22 

1 12 

12 16 

012S 

53 

1 023 

225 

98 

1 98 

34 28 

0140 

54 

1 0095 

6 93 

56 

0 70 

13 23 

0140- 

55 

10095 

7 50 

2 2 

3 29 

12 99 

0137 

56 

lOlS 

16 2 

70 

225 

25 45 

0142 

57 

1022 

21 7 

97 

1 71 

3311 

0150 

58 

1 012 

8 73 

4 9 

0 93 

14 56 

0 121 

59 

1 0125 

912 

4 5 

0 97 

14 59 

0116 

60 

1 0175 

13 7 

97 

054 

24 04 

0142 

61 

1 0165 

14 7 

68 

1 70 

232 

0140 

•62 

1018 

14 3 

96 

081 

24 71 

0 137 

63 

1 009 

4 5 

4 4 

066 

9 56 

0106 

64 

1 020 

16 5 

96 

2 36 

28 46 

0142 

65 

1 0225 

20 3 

96 

2 48 

32 38 

0144 

66 

1 0095 

5 98 

42 

0 58 

10 76 

Oils 

67 

1013 

9 75 

34 

112 

14 27 

0 no 

68 

1 0135 

9 93 

66 

1 18 

16 71 

0123 

69 

1010 

614 

60 

085 

11 99 

0120 

70 

1 0125 

9 98 

44 

1 16 

15 54 

0 125 

71 

1 009 

6 93 

28 

0 66 

10 39 

0115 


* Secured by dividing Column 5 by the last three figures of the specific eravitv 
t Tnenty-four (24) hour specimen 
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COMMENTS 
By Dr Thomas Addis 

Dr Sharlit and Dr Lyle read more m the paper by Miss Foster and 
myself than is actually there They apparently suppose that our data 
led us to conclude that the specific gravity of the urine can never be 
used to obtain even an approximate idea of the total solids of the urine 
There is, of course, nothing in our experiments which has any bearing 
on Long’s conclusion that the total solids may be estimated within a 
certain limit of error from the specific gravity under the particulai con- 
ditions of his experiments What we did conclude was that the total 
solids could not be even approximately measured from the specific grav- 
ity under the patricular conditions of our experiments, these conditions 
being as fai lemoved as possible from those observed by Long 

The error m the estimation of total solids from the specific gravity 
\aries directly with changes in the relative proportions of the various 
urinary constituents In normal persons under ordinary dietetic condi- 
tions it has been shown that the changes in the relative proportions of 
urea, chlorids, phosphates and other substances in the urine are not so 
pronounced as to introduce a large error But it surely requires no 
labored statistical proof to allow the conclusion to be drawn that the use 
of any such coefficient as Long’s aviU not give even an approximate idea 
of the total solid content of the urine when the usual relation between the 
proportions of urinary constituents in the urine has been completel} 
destroyed by increasing the proportion of either urea, chlorid or phos- 
phate Under such conditions, a statistical proof is superfluous because 
the conclusion is a deduction from the elementary fact thaf equal 
amounts of urea and sodium chlorid have the same effect on the total 
solid content but have a very diverse effect on the specific gravity 
As Dr Sharlit and Dr Lyle, lef erring to our work, say, “the conditions 
of the experiment made it impossible to conclude anything concerning 
the total solids of the urine ” That is exactly what our experiments 
were designed to show, that is, that there are conditions under which 
the specific gravity must necessarily give an entirely erroneous idea as 
to the total solid content 

If total solid estimations based on specific gravity measurements 
Mere to be used in cases of chronic nephritis, there would 'be 
uncertainty as to whether under these pathologic conditions theie 
might not be changes in the relative proportions of the various urinary 
constituents which Avould lead to serious error Foi this reason alone 
we felt justified in concluding that “specific gravity determinations can- 
not form part of any method intended to measure the amount of 
secreting tissue in the kidney” But even if it v^ere found that the 
total solids could be fairly accurately determined from the specific 
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giavity, the results would be as useless for estimating the mass of func- 
tioning renal tissue as are detei mmations of nitrogen, chloiid, oi any 
othei urinary constituent Only the latio between the total urinary 
constituents in the blood and m the urine could be expected to measure 
the amount of renal tissue But when it is remembered uhat extreme 
vaiiations in the relative concentiations of urea and of chlorid occui 
in the blood when most of the kidney substance has been destroyed by 
disease, it is clear that specific gravity detei mmations could not be 
used The urea concenti ation may increase to ten, twenty, oi thiity 
times its normal value, while the chlorid concentration shoi\ s no appi e- 
ciable change or tends to fall 

It may very well be that Long’s coefficient may have certain uses m 
clinical work, but under the special conditions of oui experiments, and 
for the particular quantitative purposes we weie discussing in our paper, 
it IS quite clearly inapplicable 



COMPARISON OF CONSTANTS FOR THE DETERMI- 
NATION OF VITAL CAPACITY 

WILLIS S LEMON, MB (Tor) 

A>iD 

HERMAN J MOERSCH, MD 

ROCHESTER, MINN 

Since 1917 there has been a general revival of interest in the study 
of vital capacity, as first brought forth by Flutchinson,^ of England, in 
1846 This renewed interest is pninanly due to the thorough work of 
Peabody and Wentworth,- of this country, and Dreyer,^ of England 
The literature on the subject since 1917 has become extensive, both 
from the chmcal and investigative aspect, and has been chiefly concerned 
with the determination of what the normal capacity should be for a 
given person Many methods have been advocated as being best suited 
for the determination of the standard capacity, and there are almost as 
many different formulas as authors on the subject Hutchinson 
attempted to show that the standard vital capacity varied directly with 
the height of the person More recently Peabody and Wentworth have 
studied the problem of vital capacity, and have classified persons into 
groups according to their height Bohr ^ was the first to object to the 
establishment of the standard based on height alone, and later Dreyer 
in an extensive and careful study demonstrated that the standard vital 
capacity varied according to the body surface more closely than with 
any other body measurement West ® and others have confirmed these 
observations 


1 Hutchinson, J Von der Kapazitat der Lungen und von den Athmungs- 
Functionen mit Hinblick auf die Begrundung einer genauen und leichten 
Methode Krankheiten der Lungen durch das Spirometer zu entdecken, Braun- 
schweig-, F Vieweg und Sohn, 1849 

2 Peabody, F W , and Wentworth, J A Clinical Studies of the Respira- 
tion IV The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch 
Int Med 20 443-467, 1917 

3 Drej'er, G The Assessment of Physical Fitness by Correlation of Vital 
Capacity and Certain Measurements of the Body, New York, Paul B Hoeber, 
1921 Investigations on the Normal Vital Capacity in Man and Its Relation 
to the Size of the Body, Lancet 197 227-234, 1919 Dreyer, G, and Burrell 
L S T The Vital Capacity Constants Applied to the Study of Pulmonary 
Tuberculosis, Lancet 198 1212-1216, 1920 

4 Bohr, C Die funktionellen Anderungen in der Mittellage und Vitalka- 
pazitat der Lungen, Deutsch Arch f klin Med 88 382-434, 1917 

5 West, H F Clinical Studies on Respiration A Comparison of Various 
Standards for Normal Vital Capacity of the Lungs, Arch Int Med 25 306-316, 
1920 
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Because of the multiplicity of formulas and methods, it was thought 
that a comparison of the results obtained by using the various methods 
on the same gioup of subjects would be advantageous It was hoped 
that such a comparison might lead to the selection of some one method 
that was accurate, and at the same time simple enough for general 
routine use With this purpose in mind, 165 men and 166 women were 
selected for study from the preoperative surgical group of the Mayo 
Clinic All patients suffering from pulmonary and cardiac conditions, 
or from inanition, were excluded The diagnoses of the conditions of 
those selected include lipoma, hernia, and various conditions unassoci- 
ated with asthenia or cachexia Such a selection affords a varied, but 
generally uncomplicated, type of condition, and thus serves to determine 
the applicability of the various methods These subjects were patients 
such as would ordinarily be encountered by the physician or surgeon in 


Table 1 — Physical Meastu cinents m Male Subjects Used for 
Vital Capacity Tests 







Vital 

Surface 

Circum- 



Age, 

Height, 

Weight, 

Capacity, 

Area, 

ference of 


Oases 

kears 

Cm 

Kg 

Oc 

Sq M 

Chest, Cm 

Schuster (0\ford) 

9i9 


116 5 

685 

4,315 

183 


West (Harvard) 

Hewlett and Jackson (Stan- 

85 


173 5 

645 

4,651 

1 78 


ford) (Arch Int Med 29 
513, 1922) 

400 

18 to SO 

176 9 

685 

4,646 

1 84 


Hutchinson (England) 

1,285 


1715 

683 

3,602 

1 SO 


Dreyer (England) 

IG 

13 to 52 



4,140 


866 

Mayo Clinic 

165 

19 to to 

1715 

69 0 

4,487 

180 

89 8 


his practice As every formula was applied to each person examined 
in the group, the methods were subjected to the same variations, and 
It IS, therefore, possible to determine the value of each from a com- 
parison of the results 

The patients examined came from all parts of the United States 
and Canada, from the Arctic circle to Texas, and from the Atlantic 
to the Pacific seaboard The majority, however, came from the middle 
western states and western Canada This is of interest because the 
results reported by various authors would seem to indicate a variation 
m the normal vital capacity for people from various countries, or even 
from different sections of the same country (Tables 1 and 2) Our 
figures can be considered as a fairly representative average of the 
whole country, although the number of determinations is too few to 
form a premise for conclusive argument 

Dreyer demonstrated that the vital capacity varied for training, sex, 
and certain occupations, a fact that is too often overlooked, and is left 
out of account m practically all other methods In our series, many 
occupations are listed, and the ages vary from 14 to 70 years, therefore 
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comprising a fairl> representatn e group Familiarity with the pro- 
cedure and the cooperation of the patient influence the results in 
measuring vital capacity, and must be considered before drawing con- 
clusions as to what is the normal vital capacity of a given person 
Pratt’s observation is of great interest “Furthermore, the vital capacity 
test of the same person may vary from time to time I have recorded 
the amount of vaiiation of the vital capacity m nine persons with 
apparently healthy hearts and lungs, over periods ranging from fourteen 
months to three years and four months Although the seven men in 
the group were urged to make a maximal exertion at each test, and they 
apparently did so, the variation was considerable, ranging from 100 to 
550 c c In the period covered by these tests there was no decrease 
that could be attributed to increasing age ” In this regard, it is of 
interest to speculate on the possibilities of the influence of light, 
temperature, atmospheric pressure, water vapor, extraneous stimuli and 
food ingestion on vital capacity determinations, both from a physiologic 

Table 2 — Physical Mcasm cmcnts in Female Subjects Used foi 
Vital Capacity Tests 


West (Harvard) 

Myers 

Peabody and Wentworth 
Majo Clinic 


Vital Surface Circum 



■Age, 

Height, 

Weight, Capacitj, 

Area, 

fercnce of 

Cases 

lears 

Cm 

Kg Cc 

Sq M 

Chest, Cm 

41 

94 

20 to 30 

ms 

3,338 

57 3 2,992 

160 


ICO 

14 to CO 

100 r 

3,050 

01 0 3,001 

102 

77 d 


and a technical standpoint Haldane,® Krogh," Lindhard,® Hasselbalch ° 
and others have demonstrated the influence of these factors on the 
gaseous interchange in the lungs and external respiration Vital capacity 
IS nothing more than a part of this intricate mechanism 

The spirometer used in our work was of the wet type, and especially 
constructed for our use by Mr Little of the Mayo Clinic (Fig 1) By 
means of this instrument, it is possible to determine the amount of air 
expired within 8 c c It is so delicately balanced that the slightest 
inspiration on the part of the patient is observed on the scale A spring 
cock valve at the opening into the tank permits closure of the intake, 
or outlet, of air at an}- point m the respiratory cycle The mouth piece 

6 Haldane, J S Some Recent Advances m the Physiology of Respiration, 
Renal Secretion and Circulation, Bnt M J 1 409-413, 1921 

7 Krogh, A , in Abderhalden, E Handbuch der biochemischen Arbeitsme- 
thoden, Berlin, Urban and Schwarzenberg, 1915 

8 Lindhard, J The Seasonal Periodicity in Respiration, Skand Arch 
f Physiol 26 221-314, 1912 

9 Hasselbalch, K A , quoted b) Plaldane Footnote 6 

10 Hoover, C F The Respiratorv Significance of Atoisture in the Air 
Spaces of the Lungs, Med Rec 93 1008, 1918 
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of the instrument is of nickle, maj' be easily and lapidly sterilized, and 
IS so constiucted that it can be firmly held m the mouth without per- 
mitting leakage 

All readings were taken with the person m the standing position, 
with all clothing removed from the chest, except a cape m the case 



Fig 1 — Spirometer used in work reported 

of women The subjects were instructed to take the deepest possible 
inspiration and exp.ration, keep the nose closed, expiring at a fairly 
uniform rate, and preventing any possible escape of air about the mouth 
piece We did not use a nasal clip because patients fiequently com- 
plained that It annoyed them We believe we obtained better results 
from closure of the nares by thumb and finger pressure Leakage 
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about the mouth piece was easily determined, as the nickle became 
fogged if air escaped from about it 

All physical measurements were made in the nude, and m accord- 
ance with the instructions of the A^arious authors , in the case of women, 
allowance was made for a sheet and cape, although the tape was applied 
next to the skin To obtain the greatest accuracy, readings should be 
taken at the same time of day, m a room that is of uniform temperature, 
and on patients who have been protected’ against fatigue From three 
to five, and even moie determinations were made in each instance, the 
highest being accepted Several patients cooperated so poorly that their 
readings had to be discarded, and if there- was any suspicion of ques- 
tionable endeavor, this was likewise done An interesting observation 
was made in the following instance A group of six men were 
examined individually, and the readings noted Then all six were 
admitted to the same room at the same time, and a contest instituted 
to see who could get the highest reading All but one increased his 
previous readings by several hundred cubic centimeters 

In order to compare the physique of our subjects with that of 
subjects examined elsewhere, the various measurements were tabulated 
(Table 1) 

The deviation of weight from normal is nofi included m the table, 
because our normals were established from the- table used on Toledo 
scales, and we were unable to ascertain the standards used by other 
observers The average deviation^ for our subjects was 7 5 per cent , 
while that given by other observers was froin 7/7> to 8 8 per cent 

From Table 1 A may be seen that our averages compare favorably 
with those of others, although our group is not so highly selected as in 
the other series represented Thirty-two of oui subjects weie some- 
what overweight (average 5 6 per cent ), and 122 were below weight 
(average 8 per cent ) The latter, however, m many instances had 
higher vital capacity readings than their calculated normal 

In Table 2, similar observations on females are compared with those 
of Myers,^^ West, Peabody andi Wentworth Here again it may be 
seen that our unselected series compares favorably with Myer’s selected 
series With regard to variation in weight, it was found that forty 
subjects were overweight, averaging 8 5 per cent , and 104 were under- 
weight, with a percentage variation of 10 8 per cent Like the men, 
these women had higher capacities than their calculated normals 

11 Ms'ers, J A A Study of the Vital Capacity and Physical Fitness of 
Nurses, with Tables Showing Calculated Vital Capacities for Normal Men 
and Women and a Method for Quickly Obtaining an Expression of an Indi- 
vidual Physical Fitness, Journal-Lancet 41 252-257, 1921 
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We were desiious of knowing whether the constants advocated by 
us when using the vaiious formulas (seven in all) were approximately 
those of the authors themselves, or of other observers employing them 
A compaiison of the constants may be seen m Table 3 In Table 3, it 
will be seen that constant K1 in the male is practically identical with 
that obtained by Dreyer and by Schustei,^^ whereas it is greater than 
that of West From Table 1 it will be noted that this may be m part 
accounted for by the larger vital capacit)'- readings in West’s series, 
while the weight averages aie lower This is in agreement with the 
findings of West himself, as he found that the K1 is 0 591 in case of 
athletes, in whom we have increased vital capacities without a propor- 
tional increase in the weight The remainder of the constants, with 
the exception of that obtained by means of Lundsgaard and Van 


Tabie 3 — A Comparison of Out Constants with Those of Others 
Obtained by the Vaiious Foimulas 



K1 

K2 

K3 

K4 

K5 

K6 

K7 


WO 72 

w% 

Cb2 

V C 

V 0 

V 0 

100 X V 0 


V C 

V C 

V C 

W 

H 

B S 

Chest Vol 

Observations on Men 








Schuster 

0 090 


182 





West 

0 632 

0350 



26 5 

2 61 

63 0 

Droyer 

Peabody 

Lungsgmrd and Van SIj l,e 

0 090 

0 457 

184 


26 3 


45 0 

Mayo Clinic 

Observations on Women 

0 098 


ISS 

om 

261 

2 49 

414 

West 

0 807 




20 6 

207 


Mjers 

0 892 





187 


Mayo Clinic 

0 936 


211 

0 051 

18 8 

187 

46 5 


Shkes formula, are m fairly close agi cement In case of the latter 
formula, our findings force us to agree with West that when this con- 
stant is used, too large a peicentage of the people have vital capacity 
estimations above normal In the females, the variations are greater 
than in the males, but unfortunately, the amount of work carried out 
on females does not approximate that for males In our series, 166 
women Avere examined as against ninety-foui m Myeis’, and forty-four 
in West’s The two constants that Myers has applied to his series, Iioav- 
ever, aie in fairly close agreement Avith ours The greater discrepancy 
111 the female is due probably to the greater difficulty in talcing body 
measurements, the unfamiliaiity of the subjects with the technic of 
forceful expiration, lack of physical development and unwillingness to 
cooperate to the extreme of their ability 

12 Schuster, E First Results from the Oxford Anthropometric Labo- 
rator 3 % Biometrika 8 40, 1911 

13 Lundsgaard, C, and Van Sljke, D Relation Between Thorax Size and 
Lung Volume m Normal Adults, J Exper Med 27 65-85, 1918 
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We next tabulated the vital capacit} i eadings accoi ding to the height 
divisions foiinulated b} Peabod-s, and oui lesults coinpaie favoiably 
nith those obtained by him (Table 4) While the a^elages of the dif- 
feient series aie faiil} close, nitli the exception of the males in Group 
1, theie IS much to be said against this method As has been frequently 
pointed out, it disci iminates against the peison whose height comes 
on the boideiline between two classes This discnmmatioii is especially 
impoitant if one assumes that a Aaiiation of more than 10 pei cent 
below the calculated vital capacity is pathologic In spite of this dis- 
crepancy, the geneial lesults conipaie faiily favoiably with those of 
other methods, as will be seen latei 

Foi compaiative pui poses, ue next calculated the vital capacity of 
each subject, by each of the vaiious foimulas advocated, and the 
aveiages obtained are tabulated m Table 5, against the aveiage of the 


T \BLL 4 — Spiioiuctci Readings 




Height 

. A 



t 

Group 1 

Group 2 

Group 3 


lS5 5 0m and Up 17S 3 to 1S2 5 Om 159 5 to 173 5 Oln 

Men 

Vital Capacity, 0 c Vital Capacitj, C c Vital Capacity, 0 c 

Peabody and Wentn ortb 

5,100 

4,800 

4,000 

Mayo Olmic 

5,150 

4,885 

4,205 



Height 

A 



f 

Gioup 1 

Gioup 2 Gioup 3 

Group 4 


107 Cm and Up, 

162 to 167 Cm, 151 5 to 162 Cm, 

Below 154 6 Cm , 


Vital 

Vital Vital 

Vital 

Uomon 

Capacitj, C c 

Capacitj, Cc Capacitj, Oc 

Capacity, C c 

Peabodj and Wentnoitli 

3,275 

3,050 2,S25 


Mj ers 

3,200 

2,970 2,973 

2,857 

Majo Olinic 

3,371 

3,156 3,003 

2,834 


observed vital capacities foi oui subjects, as well as the aveiage per- 
centage variation of each fiom the aveiage obseived vital capacity 

111 summaiizing the tables, it is found that, in the case of males, the 
vital capacity calculated by means of West’s foiniula (body suiface 
in square meteis times 2,500) gives the closest agi cement with the 
observed vital capacity of any of the foimulas, while the calculation on 
the basis of height and chest ciicumfeience, as well as class, according 
to Dieyei’s method gives almost identical lesults Dieyei originally, in 
Cl eating his foi inula, used the stem length of the individual lather than 
the height, howevei, ue used the height rathei than the stem length 
because of the difficulty attached to measuring the stem length, espe- 
cially ill old pel sons 

In the case of females, West’s foimula (height in centimeters times 
20) expiessed the calculated Mtal capacity in the closest agreement 
with the obseived vital capacity of any of the foimulas West’s body 
suiface formula (body suiface times 2,000) conies next in order 
Peabody and Weiitwoi til’s metliod for calculating the vital capacity 
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based on various height standards lanks third, for the smallest per- 
centage variation from the obser\ed Mtal capacit}- for both males and 
females 

From our senes, it would, therefore, seem that West’s formula 
(body surface in square meters times 2,500 in the case of men, and 
2,000 in case of women) expresses the calculated vital capacity more 
accurately than any of the other metliods, while West’s formula (height 
in centimeteis times 25 in case of men and tunes 20 m case of women) 
and Peabody and Wentworth’s method are next in order The Dreyer 
formula based on height and chest circumference is found to be less 
accurate for the female, owing to the difficulty in making chest 
measurements 

Objection may be raised to the use of body surface method of calcu- 
lating vital capacity because of the difficulty in calculating the body 
surface However, this difficulty is easily overcome by use of the chart 
constructed by Boothby and Sandiford for the determination of the 
surface area by the DuBois formula (Fig 2) By means of this chart, 
all that IS necessary is to connect the height and weight on the respective 
outside lines by means of a straight edge or rule, and read off the figures 
for body surface area where it bisects the middle line 

CONCLUSION 

It seems to us that West’s formula (body surface in square meters 
times a constant, 2,500 in case of men, and 2,000 in case of women) 
expresses the calculated vital capacity the most accurately and simply of 
any of the foregoing methods 



VITAL CAPACITY IN RELATION TO OPERATIVE 

’ RISK 

WILLIS S LEMON, MB (Tor) 

AND 

HERMAN J MOERSCH, MD 

ROCHESTER, MINN 

Ihe question of operative risk is one of great interest as well as 
concern to the surgeon, and justly deserves his consideration At the 
present time, he must estimate the operative risk from the patient’s 
general condition, age, obesity and blood pressure, from the type of 
lesion and from his own skill and experience While these factors 
may at times furnish the basis for an accurate estimation of the risk, 
the}'' often involve danger to the less experienced surgeon, and at times 
even to the most skilled, on account of their variability and the difficulty 
of interpretation Various conditions, such as nasal and bronchial 
infections, and the like, may he dormant and give no indication of their 
piesence until the patient’s resistance has been lowered sufficiently by 
operation to permit exacerbation It is often impossible to anticipate 
such complications even from the most careful history 

In view of the fairly accurate estimation which vital capacity gives 
of a person’s physical fitness, it seemed plausible that operative risk 
might be estimated by the same method We, therefore, took vital 
capacity determinations on 379 consecutive patients before operation, 
and checked the findings against the final outcome of the operation, as 
well as against the surgeon’s own estimate of the operative risk, based 
on the patient’s general condition The risk for each patient was 
estimated on the basis of four, and the risk was calculated from the 
vital capacity determinations as follows 

Table 1 — Ru/v Calculated fiom Vital Capacity Dctciminations 


Risk 

1 

2 

3 

4 


Vital Capacity, per Cent 
— 10 to normal 
—20 to 10 
—SO to 20 
—30 and below 


Of the 379 patients examined, twenty-three did not come to opera- 
tion The operative risk for the group of twenty-three, as calculated 
from the vital capacity determinations, was as follows risk 1, fifteen, 
risk 2, four, risk 3, two, and risk 4, two Two of the twenty-three 
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patients died while in the hospital under obseivation For these patients, 
the operative risk as determined from the vital capacity determinations 
was 3 in one instance and 4 in the other, the surgeon in both instances 
estimated the risk at 4 

Nine (2 53 per cent ) of the 356 patients who came to operation 
died The opeiative iisks, as determined from the vital capacity 
findings for the nine fatal cases, are given in Table 2, and compared 
with the iisk as estimated by the surgeon 


Tablc 2 — Operative Risk in Nine Cases 



Risk as Calculated 

Operativ e Risk 


from Vital Capacity, 

Calculated by Surgeon, 

Degree of Operative Risk 

Oases 

Cases 

1 

3 

2 

2 

3 

5 

3 

2 

1 

4 

1 

1 


Of the patients with an uneventful lecovery, the risks as estimated 
from the vital capacity findings were as follows risk 1, 233, risk 2, 
fifty-thiee, risk 3, thirty-six, and risk 4, twenty-five 

It was found that the surgeon considered the opeiative iisk higher 
in seventy-two instances than the vital capacity determinations indicated, 
whereas the reverse was true m thirty-two instances Several factors 
account for this variation The operative risk calculated fiom the vital 
capacity was based simply on the patient’s physical fitness On the 
other hand, the surgeon had the benefit of his own knowledge of the 
type of disease and of his skill in performing the particular operation 
under consideration, and also of the internist’s opinion regarding the 
patient’s general condition None of these factors was included in the 
calculation from the vital capacity readings 

Foi loutine purposes, the determination of the operative risk from 
the surgeon’s opinion is probably, on the whole, a moie satisfactory 
estimate than that obtained by means of the vital capacity readings 
However, if the surgeon does not have the benefit of experience, or 
the assistance of an experienced internist in making such an estimate, 
especially in questionable caidiac and pulmonary conditions, vital 
capacity determinations may be of the greatest aid From whatever 
cause, the closer the approximation of vital capacity to tidal air, the 
graver will the risk become When low readings are obtained, the 
surgeon would do well to institute preoperative measures, and to make 
further observations before attempting operation 




BASAL METABOLISM AND VITAL CAPACITY 

V'lLLIS S LEMON, MB (Tor) 

AND 

HERMAN J MOERSCH, MD 

ROCHESTER, MINN 

It IS often observed that patients affected by exophthalmic goiter 
have a decreased vital capacity, and m taking the vital capacity of a 
number of such patients we noted that in several instances patients with 
the high basal metabolic rates had a relatively lower vital capacity than 
those with low metabolic rates These observations prompted investi- 
gation to determine whether there is any fixed relationship between 
basal metabolism and vital capacity, and whether the thyroid secretion 
which causes the variations in metabolic rates likewise has an indirect 
compensatory action causing parallel fluctuations m the vital capacity 
If this should be true, there would be at our disposal an easy method 
foi determining th} roid activity 

With this purpose in mind, eighty-five subjects with goiter were 
examined The diagnosis as to the type of goiter m each instance was 
based on the clinical findings, basal metabolic rates and postoperative 
histologic diagnosis in the majority of instances The series was made 
up of twelve males and forty-six females with exophthalmic goiter, five 
males and twenty females with adenoma of the thyroid, two patients 
with thyroiditis, as well as with myxedema, and one with anorrhexia 
nervosa Such a series was selected because of the wide range in basal 
metabolic rates it afforded 

The vital capacities were all taken with a wet type of spirometer, 
and a technic described by us in an earliei publication In each 
instance the estimated normal vital capacity was calculated according to 
ithe following methods (1) height m centimeters times 25 for males 
and times 20 for females (West^) , (2) body surface m square meters 
times 2,500 for males and times 2,000 for females (West), and (3) 
from tables given in Dreyer’s ^ “The Assessment of Physical Fitness ” 
All three methods were used m order to obviate so far as possible 

1 West, H F Clinical Studies on Respiration A Comparison of Various 
Standards for Normal Vital Capacity of the Lungs, Arch Int Med 25 306-316 
(March) 1920 

2 Dreyer, G The Assessment of Physical Fitness by Correlation of Vital 
Capacity and Certain Measurements of the body. New York, Paul B Hoeber, 

1921 
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errors that might occur through sudden changes m weight which so 
often occur in cases of exophthalmic goiter The basal metabolic read- 
ings were all made m Dr Boothby’s laboratory at the Mayo Clinic, the 
open circuit type of gasometer being employed 

Repeated vital capacity and basal metabolic determinations were 
made on as many of the subjects as possible, in order to determine 
whether variations m the basal metabolic rate of the same person were 
accompanied by vital capacity changes At first, similar determinations 
were made immediately following thyroidectomy, but these were discon- 
tinued on account of the poor cooperation of the patients because of their 
fear of causing a postoperative injury In calculating the estimated 
normal vital capacity for the subjects, various factors, such as physical 
fitness, type of employment, training, age and sex were also taken into 
consideration 


Table 1 — Obseivations on Relationship Behueen Basal Metabolic Rate and Vital 
Capacity in Fifty-Eight Patients with Exophthalmic Goitei and Adenoma 
of the Thyioid zuith Hypei thyi oidism 


Basal Metabolic Bate 

Number of Cases 

Vital Capacity Variation from 
Normal, as Calculated from West's 
Body Surface Formula, per Cent 

0 to + 20 

1 

— *26 

+20 to + SO 

7 

— 7 4 to —35 9 

+30 to + 40 

12 

+ 0 2 to —39 2 

+40 to + 50 

14 

+ 0 6 to —74 3 

+50 to + 00 

7 

+18 2 to —44 8 

-r60 to + 70 

9 

— 8 6 to —32 6 

+V 0 to + so 

3 

+ 0 4 to —19 4 

+S0 to +102 

5 

—27 2 to —32 4 


On tabulating the basal metabolic and vital capacity findings it 
was found that although in the largest percentage of instances there was 
a tendency toward decreased vital capacity with increased metabolic 
rates, especially in cases of exophthalmic goiter, no definite relation- 
ship between the two was evident A patient with a basal metabolic 
rate of -|- 17 per cent may have just as great a decrease m vital 
capacity as one with a rate of -j- 70 per cent (Table 1) 

In a study of twenty-five patients with adenoma of the thyroid 
without hyperthyroidism, a similar inconstancy between basal metabolic 
rate and vital capacity was found to exist 

It was further noted that many of the patients with decreased vital 
capacity and increased metabolic rates had an increase of vital capacity 
and a decrease in basal metabolism after rest That this was not 
dependent alone on the change m basal metabolic rate was evident from 
the fact that while, m most instances, the rate fell somewhat m those 
patients whose vital capacity increased on rest, it did not always fall 
An increase in vital capacity can occur without lowering of the basal 
rate (Cases 7 and 14, Table 2), and a decrease m basal metabolic rate 
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on rest is not always associated with an increase in the vital capacity 
(Cases 3, 5 and 9, Table 2) 

When the basal metabolic rate fell, an increase in vital capacity 
usually appeared but without any constancy No rule could be applied 
to anticipate the changes that appeared 

It is true, however, on the whole, that the subjects with the greater 
decrease in vital capacity had an increase following rest, while less 
change was noted in those with smaller variations from normal 

It was found that the subjects with a decrease in vital capacity 
m most instances also had some cardiac decompensation, and that as the 
vital capacity decreased, the degree of cardiac decompensation became 
more marked In almost every instance, it was found that it was 
the patients with the cardiac decompensation whose vital capacity 


Table 2 — Changes ui Vital Capacity with Changes in Basal Metabolic Rate 


Case 

Vital 

Capacity 

Basal 

Metabolic 

Rate 

Interval in Days 
Between 
Readings 

Vital 

Capacity 

Basal 

Metabolic 

Rate 

1 

2 302 

+ 25 

7 

2,893 

+ 7 

2 

2,667 

+ 25 

12 

2,659 

2,867 

+ 40 

3 

2,832 

+ 28 

IS 

+ 14 

4 

3102 

86 

13 

3,406 

+ 23 

5 

3 632 

+ 45 

8 

3,328 

+ SO 

6 

2,066 

+ 56 

13 

1,963 

+ 47 

7 

1,998 

+ 61 

13 

2,181 

+ 62 

s 

1,859 

+ 62 

12 

1,920 

+ 53 

9 

2,615 

+ 63 

7 

2,607 

+ 47 

10 

3,336 

+ 63 

7 

3,415 

+ 45 

11 

2,259 

+ 64 

12 

2,711 

+ 83 

12 

2,589 

+ 70 

13 

2,580 

+ 78 

13 

2,242 

-f 81 

7 

2,433 

+ 66 

14 

2 328 

+102 

12 

2,867 

+108 


inci eased with rest Those who did not register an impiovement in 
vital capacit} had no decompensation, or being decompensated, gave no 
evidence of improvement We, therefore, attempted to find the relation- 
ship that might exist between the degree of cardiac decompensation 
and vital capacity 

The patients were divided into five groups, according to the amount 
of decompensation, the first group being normal As no definite 
measurable factor was available for estimating the decompensation, it 
had to be based on clinical manifestations, history and electrocardio- 
grams Dyspnea was of special value in making these calculations, as 
has been demonstrated by Peabody and Wentworth,® who found that a 
fairly reliable opinion as to the cardiac efficiency can be obtained from 
this symptom The results obtained by this classification are given 
in Table 3 


3 Peabody, F W, and Wentworth, J A Clinical Studies of the Respira- 
tion IV The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch 
Int Med 20 443-467 (Sept ) 1917 
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It IS seen from Table 3 that a relationship exists between cardiac 
compensation and vital capacity Peabody and Wentworth, in 1907, 
divided a group of patients with cardiac disease into four groups on the 
basis of the vital capacity findings those with a vital capacity of not 
more than — 10 per cent of normal as Group 1 , — 10 to — 30 per 
cent as Group 2 , — 30 to — 60 per cent as Group 3, and below that 
as Group 4 In Group 1 there existed little or no cardiac decompensa- 
tion and no dyspnea, while in each succeeding group these findings 
became more marked In our series we classified the patients according 
to symptoms Gioup 1 represented those having slight dyspnea and 
initial signs of cardiac mefficienc)', while in each succeeding group the 
disability became more urgent While differences exist between the two 
series, our findings tend to take the same course as those of Peabody 
and Wentworth 

Table 3 — Relationship Between Caidtac Efficiency and Vital Capacity m Cases 
of Exophthalmic Goitet and Adenoma of the Thyioid zuith Hyperthyi oidism 
(Caidiac Efficiency Classified on Basis of Scale of 4) 


Percentage of Vital Capacitj Variation from 
Calculated Normal 


Cardiac Eflaciencj 

Number of 
Cases 

West’s 

Body Surface 
Formula 

West’s 

Height 

Formula 

Dreyer’s Height 
and Chest Circum- 
ference Method 

Normal 

11 

—16 7 

—17 4 

—13 6 

—I 

19 

—15 4 

—16 7 

—16 7 

— ir 

16 

—24 4 

—29 9 

—26 9 

—III 

11 

—32 6 

—34 4 

—35 6 

—IV 

1 

—74 3 

—07 8 

—701 

Normal 

Adenoma 

ir 

u ithout Hyperthj roidism 

— 1 5 — 5 7 

-his 

-I 

4 

—11 7 

— 79 

— 74 

—II 

3 

—28 6 

—18 2 

—23 4 

—III 

—IV 

1 

—44 6 

-^1 0 

—44 9 


A division of the same series on the basis of edema alone hke\Mse 
gave a similar indication of the deviation of the vital capacity from 
normal, as might be expected The subjects were divided into groups on 
the basis of four, and the figures obtained are given in Table 4 As 
in the preceding classification, the basis of division is rather inaccurate, 
as it depends on individual interpretation of the classifying factor 
From Table 4 it will be seen that in the higher grades of edema there 
was a diminution of the vital capacity, and that m a way the results 
are parallel to those obtained from the study of cardiac decompensation 
One IS often impressed with the observation that persons vary in 
their response to thyroid secretion In one person a moderate elevation 
in basal metabolism is accompanied by marked symptoms, while in 
another with the same, or even higher, rate only a few symptoms of 
hyperthyroidism exist The vital capacity findings were therefore 
charted according to the severity of the symptoms to determine whether 
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this might show any relationship, hut no constant relationship was 
found, although there was a tendency on the whole toward decreased 
vital capacity in those with the most marked symptoms (Table 5) 
Exophthalmos and crisis likewise Avas of little value In the former, 
no relationship between the degree of exophthalmos and vital capacity 


Table 4 — Relationship Between Degiee of Edema (Evti entities) and Vital 
Capacity in Exophthalmic Goitei and Adenoma of the Thyioid with Hyper- 
thyroidism (Edema Classified on the Scale of 4) 


Percentnge of Vitnl Capacity Variation from 
Calculated Normal 





Pdema 

Number of 
Cases 

West’s 

Body Surfnee 
Formula 

West’s 

Height 

Pormula 

Dreyer’s Height 
and Chest Circum 
fercnce Method 

0 


28 

—19 2 

—23 3 

—19 2 

r 


IS 

—20 5 

—205 

—21 3 

II 


10 

—32 5 

— 3G1 

—316 

III 


2 

—37 2 

—33 5 

—38 7 

0 


Adenoma of Thyroid without Hjperthjroidism 

23 —11 5 —11 5 

— 71 

I 


2 

— 49 

+ 12 

+19 0 


Table S — Relationship Betiveen Seventy of Symptoms and Vital Capacity in 
Exophthalmic Goiter and Adenoma of the Thyioid with Hypeithyroidism 
(Seventy of Symptoms Classified on Scale of 4) 


Percentnge of Vital Capacity A''nriatlon from 
Calculated Normal 

JL 


Seventy of Symptoms 

Number of 
Cases 

West’s 

Bodj Surface 
Formula 

West’s 

Height 

Formula 

Droyer’s Height 
and Chest Circum 
ference Method 

I 

14 

—17 5 

—19 7 

—18 9 

II 

23 

—191 

—24 1 

—20 7 

III 

11 

—27 2 

—321 

—32 8 

IV 

9 

—33 5 

—291 

—22 6 


Table 6 — Relationship Betzoeen Duiation of Symptoms and Vital Capacity in 
Exophthalmic Goitei and Adenoma of the Thyioid zuith Hyperthyi oidisnt 


Percentage of Vital Capacity Variation from 
Calculated Normal 

A 


Duration of Symptoms 

Number of 
Cases 

West’s 

Body Surface 
Formula 

West’s 

Height 

Formula 

Dreyer’s Height 
and Chest Circum 
ference Method 

year or less 

15 

—28 9 

—32 0 

—28 2 

% to lyear 

14 

—19 4 

—24 9 

—17 2 

1 to 1% years 

0 

—14 1 

—15 2 

—181 

1% to 2 years 

6 

—171 

—19 7 

—16 7 

2 to 3 years 

2 

—291 

—27 6 

—24 8 

3 to 5 years 

3 

—18 0 

—201 

—14 6 

5 to 10 years 

4 

—26 8 

—291 

—31 0 


was anticipated, while in the latter Ave cannot say just what the relation- 
ship would be during the crisis, as the number of determinations has 
been too small, but between crises evidence of such a relationship is 
lacking Family history likewise bears no relationship to the matter 
Due to the increased activity of the heart in hyperthyroidism, one 
might anticipate in time a gradual decrease in cardiac efficiency, provided 
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this inci eased activity along with any toxicity that may exist has an 
injurious effect on the heart In order to determine whether such a 
condition existed, the vital capacity variations were grouped as to 
duration of symptoms into periods of six months each, and the results 
for exophthalmic goiter patients in our series aie tabulated in Table 6 

While the number of determinations is really too small to permit the 
drawing of definite conclusions, it would seem that one cannot predict 
accurately the decrease in vital capacity that can be anticipated from 
the duration of the disease 

It was of interest to note that in all instances the women gave on 
the whole gi eater variations m the vital capacity findings than did the 
men This is in agreement with the observations made in an earlier 
paper 

The findings on the two patients with thyroiditis examined followed 
the same general trend as those with exophthalmic goiter In the 
patient with myxedema and the one with anorrhexia nervosa, each of 
whom had a decreased metabolic rate but a normal heart, the same 
relationship was found to exist In fact, the anorrhexia nervosa 
patient, in spite of his loss of strength and weight, had an increased 
vital capacity 

As to the primary fundamental physicochemical cause of the 
decreased vital capacity m hyperthyroidism, we are still uncertain and 
must await further investigation However, we believe the secondary 
and direct cause is the cardiac inefficiency which arises from the primary 
source, the thyroid i 



FACTORS INFLUENCING VITAL CAPACITY 


WILLIS S LEMON, MB (Tor) 
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Various considerations regarding vital capacity, as observed in a 
study of 225 men and 238 women at the Mayo Clinic, have already 
been presented It became apparent that certain more general factors 
were repeated with such constancy that they must be considered in the 
interpretation of all estimations Our observations regarding the 
relative importance of these factors are reported here 

SEX 

It was anticipated that the vital capacity of the women of our series 
would be less than that of the men We found in our group, which 
comprises the types of patients usually seen m ordinary practice, that 
the formula of West’- was more suitable because of the ease of esti- 
mation and exactness This formula takes into consideration the bod} 
surface measurements and a constant that varies with sex Such con- 
stants as were proposed by West agreed with our findings, and we 
believe are best used when developing normals for comparison with 
actual spirometer readings The factor of sex is not accidental or 
infrequently found, but seems to have a constant influence West is not 
alone in making allowance for sex in estimating capacity In our 
group, adults alone were studied, but a vanation also obtains between 
boys and girls, as was shown by Stewart and Sheets," who studied 
the vital capacities of 430 children They found that boys always gave 
higher readings than girls Menstruation may have some effect on the 
capacity of women, but we have no determinations to prove the supposi- 
tion, and have found none in the literature 

Wittich, Myers, and Jennings,^ however, have found that pregnancy 
has no influence on the readings, and cannot be a factor in its inter- 
pretation Although their group is small, their conclusions are well 
supported We did not make observations on pregnant patients 

1 West, H F Clinical Studies on Respiration A Comparison of Various 
Standards for Normal Vital Capacity of the Lungs, Arch Int Med 25 306-316 
(March) 1920 

2 Stewart, C A , and Sheets, O B Vital Capacity of Lungs of Children, 
Am J Dis Child 24 83-88 (July) 1922 

3 Wittich, F W , M 3 'ers, J A, and Jennings, FLA Study of the Effect 
of Pulmonan Tuberculosis on Vital Capacity, J A M A 75 1249-1252 (Nov 6'> 
1920 



LEMON-MOERSCH—V ITAL CAPACITY 


137 


PHYSICAL riTHESS 

Physical fitness is so important a factoi that ^Ye wish to recall pai- 
ticulaily the York of Dreyer ^ in England, and of HcYdett and Jackson ^ 
in this cotintr}^ Dre}er found it desirable to classify all people of the 
same stature into thiee grbups on the basis of their physical fitness 
(1) those active m athletics, military training, oi vigorous outdooi 
laboi Y^ere classified m Group 1 , (2 and 3) those occupied m tasks 
less aiduotis oi less conducive to physical de\elopment Pie found 
that persons in Group 1 had highei vital capacity values than those 
111 Group 2 or 3 This obseivation is impoitant m estimating vital 
capacity, especially Ydien readings become pathologic We found that 
Y^e could not disregard the individual fitness, for it became apparent 
that the readings foi an athlete might be noimal fiom the point of 
vieY’’ of stature, and iiiespective of tiaining, but loY^er than noimal 
for a man of his training The leveise, hoY’’e\ei, is title of the person 
of poor ph 3 Sical training, vdio ma}'' ha\e a vital capacit)’' normal foi 
himself, but so Ioy as to be pathologic if compared Yuth that of an 
athlete The tiuth of these observations has been noted in all the 
selected gioups studied, and has been particularly Y^ell demonstrated 
Ydien young college athletes have been the subjects of observation 

AGE 

Age, Ydiich plays such an impoitant pait in most bodily functions, 
does not seem to influence the vital capacity of adults to any marked 
degree befoie 50 or 60 }eais of age E\en aftei this peiiod of life 
its effect IS variable, and the deciease in vital capacity is generally found 
to lun parallel YUth the change in geneial bodily tuigor and elasticity, 
and to accompany the decrease m physical fitness Ydiich usuall)'- occurs 
at this peiiod of life In men in the seventies, the vital capacity 
readings ma^ be normal, oi even above noimal Unfoitunately, the 
number of persons orei 50 and 60 ^eais of age studied are relatneh 
feY^ compared to the ntimbei studied before this period of life In the 
table Y^e have tabulated from the readings of 165 men and 165 Ymmen 
from our group the vital capacity for each decade and for each gioup 
on the basis of ph}sical fitness A small decrease m vital capacity is 
observed as the decades progress, but age plays an indefinite role The 
degenerative changes Ydiich appear in man Yuth advancing years, and 
the changes in height and Y^eight provide many reasons for such a 
deciease and are factors of such changing character and often so 

4 Drejer, G The Assessment of Phjsical Fitness by Correlation of Vital 
Capacity and Certain Aleasurements of the Body New York, Paul B Hoeber, 
1921 Investigations on the Normal Vital Capacitj m Man and Its Relation to 
the Sire of the Body, Lancet 2 227-234, 1919 

5 Hewlett, A W and Jackson, U R The Vital Capacit} m a Group of 
College Students, \rch Int Med 29 513-526 (April) 1922 
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difficult to determine that they are equally difficult to evaluate m 
making estimations A rather marked difference appears in the groups 
arranged from the estimated physical fitness Our findings agree with 
those of Dreyer, Peabody and Wentworth, and of Hutchinson® m a 
study of 1,775 subjects Hutchinson found 'a definite decrease in vital 
capacity after 50 years of age Pratt,^ in a study of ninety cases, 
obtained results somewhat similar to those of Hutchinson, although 
there was apparently little variation in vital capacity until after 60 
years of age One factor which both Hutchinson and Pratt failed 
to take into consideration in classifying their results is physical fitness 
This in part accounts for the apparently greater decrease in vital 
capacity after 50 years of age as compared with our series 

Relationship Bcttvccn Age and Vital Capacity Classified on the Basis of 

Physical Fitness 


Alnlc 



Group 1 

1 


Group 2 
» 


Group 3 

A 

Age, 

r 

Average Vital 


; \ I— 

Average Vital 


Average Vital 

Years 

Cases 

Capacity, C c 

Cases 

Capacity, C c 

Cases 

Capacity, 0 c 

10-20 



1 

3,910 



20-30 

27 

5,013 

8 

4,170 

1 

4,519 

30-40 

27 

4,556 

13 

4,249 



40-50 

22 

4,827 

2i 

4,204 

1 

2,685 

50-60 

17 

4,765 

10 

3,813 



60-80 

5 

4,033 

S 

4,064 






Female 



10-20 



2 

1 963 



20-30 

4 

2,987 

29 

3150 

1 

3,371 

30-40 

5 

3,248 

37 

3,107 

6 

2,945 

40-50 

4 

3,740 

41 

3,147 

3 

3,116 

50-60 

2 

3,115 

20 

2,773 

4 

2 494 

60-80 



5 

2,697 

2 

1851 


BODILY MEASUREMENTS 

Hutchinson, the first worker to undertake the study of vital capacity, 
noted that a relationship existed between vital capacity and various 
bodily measurements He believed that it was probably a function of 
height rather than of any other measurement Since that time it has 
been noted that a relationship exists between vital capacity and other 
bodily measurements, such as -weight, stem length, chest circumference, 
chest capacity and body surface Dreyer, in 1919, investigated the 
relationship between these various factors, with the exception of chest 
capacity, and came to the conclusion that vital capacity was more nearly 
a function of body surface than of any other bodily measurement This 
was later corroborated by West, who also considered the relationship 
between chest volume and vital capacity In an earlier paper on the 

6 Hutchinson, J Von der Kapazitat der Lungen und von den Athmungs- 
Functionen mit Hinbhck auf die Begrundung einer genauen und leichten 
Methode Krankheiten der Lungen durch das Spirometer zu entdecken, Braun- 
schweig, F Vieweg und Sohn, 1849 

7 Pratt, J H Long Continued Observations on the Vital Capacity in 
Health and Heart Disease, Am J M Sc 164 819-832, 1922 
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subject, in which we reviewed the question of the relationship of vital 
capacity to various bodily measurements as sponsoied b^ Aarious 
authors, we likewise reached the conclusion that vital capacity is more 
nearly a function of body surface than of any other bodily measurement 

temperature, pulse and respiration 

We were interested in discovering whether variations in the funda- 
mental bodily functions of temperature, pulse late and blood pressuie 
have an influence on vital capacity, or give any indication of its 
changes We did not determine the exact influence of temperature 
on vital capacity because we could not study the efl:ect of high tempera- 
tures on a sufficiently large number of persons However, vanations 
in temperatuie between 97 and 100 F , as studied in 463 persons without 
cardiac or pulmonary disease, did not appeal to have any definite 
effect on vital capacity 

Blood pressure alone appears to have little effect on the vital 
capacity In an analysis of this group of 463 subjects in which the 
systolic pressures varied from 80 to 220 mm of mercury, little or no 
effect was found The vital capacity varied neither directly nor inversely 
with the systolic, diastolic or pulse pressures The pulse rate in persons 
without cardiac or pulmonary disease gave little indication of the vital 
capacity Howevei, if one accepts all cases without regard to physical 
ailments or deformities, it will be found that there is a tendency toward 
decreased vital capacity as the pulse rate becomes markedly increased 
This is accounted for by the fact that m this group are included patients 
with exophthalmic goiter and cardiac and pulmonar}'- diseases A rapid 
pulse m a person without a complicating cardiac or pulmonary lesion 
does not indicate a deci eased vital capacity, as shown m the chart 

DEFORMITIES OF THE THORAX 

Deformities of the thorax deserve an important place in the con- 
sideration of vital capacity Lundsgaard and Van Slyke ® were the 
first to emphasize the relationship between chest volume and vital 
capacity They believe that the relationship between the two was 
closer than between vital capacity and any other bodily measurement 
However, Lundsgaard ° has recently admitted the possibility of error in 
determining vital capacity as a percentage of chest volume from the 
three measurements of the chest, as advocated by Van Slyke and 
himself, in patients with deformities of the chest and embarrassed 

8 Lundsgaard, C, and Van Slyke, D Relation Between Thorax Size and 
Lung Volume in Normal Adults, J Exper Med 27 65-85, 1918 

9 Lundsgaard, C Determination and Interpretation of Changes in Lung 
Volumes in Certain Heart Lesions, J A M A 80 163-167 (Jan 20) 1923 
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respiration Peabody and W entworth first called attention to the 
fact that flexibility of the thorax influenced the vital capacity This is 
readily understood when one remembers that the thoracic cavity is 
enlarged by movement of the diaphragm and of the sternum and ribs 
upward, as well as the ribs laterally The lungs can only fill with air 
to the extent which the thoracic cavity permits In this connection one 
must consider ossification of the costovertebral joints, cartilage, etc, 
as possible influencing factors operating through a decrease of the 
flexibility of the thoracic frame It was our good fortune to examine 
a man with ossification and fixation of the costovertebral joints, causing 
a complete immobilization of the thorax The vital capacity was found 



Chart 1 — Relationship between pulse rate and vital capacity in conditions 
with and without cardiac complications The broken line indicates the pulse 
rate in conditions with cardiac complications (51) , the solid line in conditions 
without cardiac complications (295) 


10 Peabody, F W , and Wentworth, J A Clinical Studies of the Respira- 
tion IV The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch 
Int Med 20 443-467 (Sept) 1917 Peabody, F W , Wentworth, J A, and 
Barker, Bertha Clinical Studies on Respiration The Basal Metabolism and 
the Minute-Volume of the Respiration of Patients with Cardiac Disease, Arch 
Int Med 20 468-478 (Sept ) 1917 Peabody, F Clinical Studies on the 
Respiration The Acidosis of Chronic Nephritis, Arch Int Med 16 955-966 
(Dec ) 1915 , Clinical Studies on the Respiration The Effect of Carbon Dioxid 
in the Inspired Air on Patients with Cardiac Disease, ibid 16 846-864 (Nov ) 
1915 
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reduced as anticipated The calculated vital capacity according to 
\V est’s body surface formula was 4,800 c c while the observed vital 
capacity was 3,258 c c , or 32 1 per cent below normal Strange to 
say, the patient was capable of participating in a game of ball or hockey 
without the least discomfort or dyspnea Normal standards, estimated 
by any method, are subject to error in such persons, and ability to 
function without embarrassment is the best evidence of sufficient vital 
capacity 

MUSCULAR DEVELOPMENT 

Peabod} and Sturgis found in cardiac cases that general muscular 
weakness and fatigue of the muscles of respiration are not important 
factors in causing a reduction of the vital capacity In contradistinction 
to this conclusion, Levine and Wilson conclude from a study of 
persons with irritable heart that fatigue results in the reduction of 
vital capacity This conclusion they base chiefly on the obsen'^ation that 
a greater decrease occurs after exercise than before, as compared with 
the results in normal persons They found, however, that the small 
decrease in vital capacity in patients with irritable heart is not sufficient 
to account for the dyspnea that exists It would seem to us that a 
weakening of the muscles of respiration could and should be a factor 
in causing a decrease in vital capacity We often observe in conditions 
in which a portion of the respiratory musculature is incapacitated that 
decrease in vital capacity coexists, and that this decrease is proportionate 
to the importance and extent of the respiratory muscles involved This 
was well demonstrated by a patient with chrome poliomyelitis who came 
under our observation The intercostal muscles were paralyzed, the 
left side of the diaphragm was found to move only a little, and the 
right side about one half of its normal excursion, as observed under 
the fluoroscope So far as we were able to determine, there existed no 
gross cardiac or pulmonary disease This patient’s vital capacity was 
found to be 1,510 c c , or 65 4 per cent of the normal as calculated from 
West’s body surface formula Although fatigue does not have as 
marked an effect on the respiratory muscles as was found in the fore- 
going example, it does have an effect How great an effect we have 
been unable to determine 

ABDOMINAL PRESSURE 

The effect of variations of intra-abdominal pressure on vital 
capacity is uncertain It would seem probable that any condition in 
the abdomen that interfered with free movements of the diaphragm 
would influence it However, in many such cases, pain, as well as 

11 Peabod}’’, F W, and Sturgis, C C Clinical Studies of the Respiration 
The Effect of General Weakness and Fatigue on the Vital Capacity of the Lunes 
Arch Int Med 28 501-510 (Nov ) 1921 

12 Levine, S A, and Wilson, F N Observations on the Vital Capacity of 
the Lungs in Cases of Irritable Heart, Heart 7 53-61, 1918-1919 
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complicating cardiac and pulmonary conditions, coexist, which make the 
results questionable The observation of Wittich, Myers and Jennings 
that pregnancy influences vital capacity very little is of importance 
Equally important is the observation of Lewis that abdominal pressure 
in animals under deep anesthesia plays no part in the production of 
respiratory curves In our series, vital capacities taken on seven women 
suffering with large fibroids or cystic ovaries showed variations in 
vital capacity from -{-9 2 per cent to — 28 per cent of the calculated 
normal , while in one man with a large abdominal tumor, due to a large 
hydionephrotic sac, the variation was ■ — 13 per cent of the calculated 
normal 

PLEURAL AND PULMONARY CHANGES 

It IS understood and easily demonstrated that anything which 
impinges on the pleural cavity and causes a decrease in lung volume 
from retraction or displacement of the lung tissue will also cause a 
decrease in vital capacity, depending on the amount of tissue affected, 
and the degree of interference with respiratory excursion or interference 
with the passage of air into other portions of the lungs This reduc- 
tion is found in cases of pleural effusion, pneumothorax, tumors of the 
chest wall, pleura and the mediastinum Pleural adhesions which pre- 
vent the proper excursion of the lung must likewise be considered, as 
they cause a decrease in vital capacity, as demonstrated by Myers 
It is equally well known that anything which interferes with the 
admission or egress of air from the lungs will decrease vital capacity 
The more marked the condition and the longer it interferes with the 
free passage of air, the more marked will be the reduction Myers 
found in bronchial asthma, in which the free passage of air to and from 
the alveoli is impeded, that during the attack there is a decrease of as 
much as 18 to 20 per cent m the vital capacity, which returns to normal 
after the attack, providing no complications exist or arise 

Dreyer and BurielM^ and others have very well demonstrated the 
relationship that was found to exist between the extent of tuberculosis 
and the decrease in vital capacity, which is common in this disease 

13 Myers, J A Respiratory Organs m Health and Disease , Correlation ot 
Symptoms, Vital Capacity Readings and Physical and X-Ray Findings in 619 
Cases Examined for Pulmonary Tuberculosis, Am Rev Tuberc 6 702-706, 1922, 
Respiratory Organs m Health and Disease, Significance of Vital Capacity Test 
in Pulmonary Tuberculosis, Bronchial Asthma, Pneumonia, and Acute Infec- 
tion Outside Respiratory Tract, Arch Int Med 30 648-667 (Nov) 1922, A 
Study of Vital Capacity and Physical Fitness of Nurses, with Tables Showing 
Calculated Vital Capacities for Normal Men and Women and a Method for 
Quickly Obtaining an Expression of an Individual’s Physical Fitness, Journal- 
Lancet 41 252-257, 1921 

14 Dreyer, G, and Burrell, L S T Vital Capacity Constants Applied to 
the Study of Pulmonary Tuberculosis, Lancet 1 1212-1216, 1920, 2 374-376, 1922 
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14 ^ 


Siebeck believes that this deci ease in vital capacity in tubei culosis is 
due to an increase of the residual air \olume, a decrease in the elasticity 
of the lung tissue and less foiceful expiration We ha^e found that 
pneumonia, pleural effusions, bronchiectasis, emphysema, lung abscess, 
primary and secondary pulmonaiy giowths and a large variety of less 
common diseases influence the vital capacity The degree of reduction 
IS an impoitant prognostic consideration in all conditions when surgical 
intervention is indicated The nearer the vital capacity approaches the 
tidal air, the graver will be the iislc of operation 

CARDIAC CONDITIONS 

Variations in cardiac efficiency are found to exercise a maiked 
influence on vital capacity Peabody and Wentworth, m 1918 in a 
thorough review of the question, demonstrated that, in cardiac condi- 
tions, the vital capacity vai led with the cardiac efficiency Opitz 
further demonstrated that cardiac disease without decompensation does 
not influence vital capacity These findings have been corioboiated by 
other investigators dealing with the question Our findings lelative to 
the question of the relationship between cardiac efficiency and vital 
capacity have been reviewed previously, and will not be dealt with 
here Cardiac condition should, however, be included in the list of 
known factois influencing the deteimmation of the vital capacity 

IIYPERTH\ ROIDISM 

It is often noted that m hyperth} i oidisin, vital capacity is deci eased 
In a pievious article, this entire problem was reviewed, and it was 
found that the vital capacity was propoitional to the cardiac efficiency 
and bore no constant lelationship to the degree of toxicity 

EXTRANEOUS INFLUENCES 

There are vaiious extraneous influences that must be considered in 
making vital capacity determinations The question as to the most 
favorable position in which to place a person while making the determi- 
nation must be considered, especially if one accepts the dictum that 
vital capacities 10 per cent below the calculated normal are pathologic 
A great deal of uncertaint} still exists as to which position is best 
Chiistie and Beams found that the vital capacity taken in a reclining 
position averaged 5 5 per cent below that taken m the sitting position 

15 Siebeck, R Ueber die Beeinflussung der Atemmeckanik durch krank- 
hafte Zustande des Respiration— und Kreislaufapparetes, Deutsch Arch f klin 
Med 100 204-220, 1910 

16 Opitz, R Vital Capacity of “Cardiacs,” J A M A 78 1686-1687 (Tune 
3) 1922 

17 Christie, C, and Beams, A J Estimation of Normal Vital Capacitv, 
with Especial Reference to Effect of Posture, Arch Int Med 30 34-39 (Tuh) 
1922 
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Rubow/® and also Hasselbalch found that the vital capacity was 
gi eater in the standing than in the sitting position All our readings 
were taken with patients standing, and we believe the essential point is 
that readings be always taken in the same attitude 

Peabody and Wentworth found little vaiiation in vital capacities 
taken from day to day, while Pratt found that the vital capacity may 
vary considerably m normal persons over longer periods of time 

It IS well to take vital capacities at the same time each day and 
under as nearly identical conditions as possible Some patients permit 
psychic factors to influence them unduly As we pointed out in a 
pievious paper, patients are often capable of increasing their vital 
capacity under the stimulus of competition, so that whatever method is 
originally adopted should be adhered to The time relationship to 
meals does not appear to have any influence on vital capacity 

There are undoubtedly various other factors that deserve con- 
sideration in vital capacity determinations Among the more common 
factors that are generally disregarded are atmospheric pressure, 
temperatuie, water vapor, composition of the an, and light and dark- 
ness That atmospheric piessure may have an influence on vital 
capacity is seen from the observation of Dreyei, who found that con- 
tinued flying at high altitudes causes a decrease m vital capacity It is 
a well-known fact that barometric piessuie, temperature and water 
\apor exert a definite influence on air volume In just what manner 
and degiee these affect vital capacity is uncertain Although atmos- 
pheric pressure may not influence determinations at any definite locality, 
when these are compared with similar readings taken in other localities, 
it may be of importance Whethei these factors account for the 
difference in the average vital capacity observed m groups of persons 
of the same training from different countries, is open to discussion 
Lindhard,^® m a study of the variations m respiiation during various 
parts of the year in the Arctic circle, found that there was a difference 
in respiration in the light and daik periods of the year, and. believed 
It was due to action of the light on the lespiratory centei, similar to the 
effect of temperature and barometric pressure on the lespiratory center, 
but slower He postulates that light has some influence on metabolism, 
therefore causing increased respiration The purely physical influence 
of these factois on the air measured and the apparatus used should 
also be considered 

18 RiiboA\ , V Untersuchungen uber die Atmung bei Herzkrankheiten Em 
Beitrag zum Studium der Pathologic des kleinen Kreislaufes, Deutsch Arch f 
klin Med 92 255-281, 1908 

19 Hasselbalch, K A , quoted by Haldane, J S Some Recent Advances m 
the Physiology of Respiration, Renal Secretion and Circulation, Brit M J 1 
409-413, 1921 

20 Lindhard, J The Seasonal Periodicity in Respiration, Skand Arch i 
Physiol 26 221-314, 1912 



THE EFFECT OF DYSPNEA VARIOUSLY PRODUCED 
ON THE VITAL CAPACITY OF THE LUNGS 

M JOANNIDES, M D 

MINNEAPOLIS 

Dyspnea is one of the most constant findings m patients with heart 
disease In these cases, Peabody and Wentworth found that there is 
a diminution in the vital capacity of the lungs, and this diminution varies 
directly with the degree of dyspnea These authors, however, attribute 
this diminution in vital capacity to mechanical factors, such as ngidity 
of the bony framework of the chest, ankylosis of the costal joints, 
diminution in the elasticity of the lung tissue, accumulation of fluids in 
the pleura, enlargement of the heart, enlargement of the liver, etc 
These conditions, when present, undoubtedly cause a decrease in the 
vital capacity of the lungs There are cases, however, in which such 
conditions are absent, but still the vital capacity of the lungs is 
decreased Peters and Ban - report that the decrease in the vital 
capacity in heart disease does not depend primarily on anatomic factors, 
because of the absence of physical signs of congestion or fluid in the 
thorax, and because of the rapidity with which the vital capacity 
increases as compensation is established They give no specific explana- 
tion, however, of the cause of this decrease in vital capacity of the 
lungs Various types of experiments, therefore, were undertaken in 
order to find an explanation for this decrease in vital capacity when no 
mechanical factors are present 

As in the pathologic cases dyspnea and the decrease in vital capacity 
are usually found together, we felt that by producing dyspnea m persons 
who are normal and who have a normal vital capacity, we might arrive 
at some definite conclusion as to the relation of the two phenomena 

METHODS 

The methods used in the production of dyspnea were ( 1 ) rebreath- 
mg air, thereby inci easing the caibon dioxid tension of the inspired 
air, (2) muscular effoit such as lunning, (3) combination of running 
and rebreathing , (4) breathing air with reduced oxygen tension 

A Krogh ^ spirometer of 8 liter capacity was used m most of the 
experiments A modification of the Hutchinson ^ spirometer was used 

1 Peabod} , F W , and Wentii orth, J A Clinical Studies of the Respira- 
tion, IV The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch 
Int Med 20 443 (Sept ) 1917 

2 Peters and Barr Am J Ph 3 siol, December, 1920 

3 Krogh Skand Arch f Ph 3 Siol 27 100, 1912 

4 Hutchinson kled Chir Trans 29 137 (April 28) 1846 
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for the study of ox5^gen diminution in the inspired air It was found 
necessary to use rubber tubing with a wide lumen for oui connections, 
because with narrow tubing the subject had to breathe against resistance, 
a factor which in itself decreases vital capacity Soda lime was used to 
absorb the carbon dioxid produced by rebreathing, and thus the effects 
of anoxemia were studied In all these experiments a closed circuit was 
formed between the patient and the apparatus In order to assure a 
maximum inspiration, the subject was asked to inspire as deeply as 
possible, hold his breath for a moment, and make one or two attempts 
to inspire Immediately afterwards, he was connected to the spirometer, 
expired as deeply as possible and finally made one or two further 
attempts to expire This method assured a constant reading, especially 
when single readings were taken 
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Two types of rebreathing were adopted first, rebreathing with a 
tidal air amplitude , second, rebreathing with a vital capacity amplitude 
When tidal air was used, the mind of the subject was occupied by 
reading or being spoken to The tidal air and vital capacity immediately 
before the experiment were considered as the normals for that time 
Rebreathing was continued until the subject could no longer hold out 
In several experiments the rebreathing was continued to a point at 
which nausea and vomiting occuired 

When we speak of vital capacity, we must think of it in terms of 
the physiologic mechanism involved in exerting a given amount of 
voluntary effort, so that the maximum amount of air may be inspired 
or expired This point of view has been taken into consideration in 
this work 
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In tlie experiments in which rebreathing was carried out at tiaal 
air amplitudes when marked dyspnea came on, from two to four vital 
capacity determinations were made Other factors being equal, the 
total time of rebreathing depended on the amount of air present in the 
system at the beginning of the experiment When the total air ranged 
between 7,100 and 8,300 c c , the rebreathing interval was from 102 to 
208 seconds, and when the air was from 23,000 c c to 25,000 c c , the 
rebreathing inter\al was from 245 to 470 seconds One, therefore, is 
justified in assuming that the total duration of rebreathing depends on 
the rate of change in composition of inspired air, namely, the increase 
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of carbon dioxid tension and decrease of oxygen tension The point at 
iihich extreme dyspnea occurs and the subject is unable to continue 
rebreathing has been called by Peters and Barr “the point of intol- 
erance to COo ” In these experiments, there was a definite but variable 
decrease m vital capacity This decrease ranged from 2 to 25 1 per 
cent of the normal In general, it was found to be proportional to the 
degree of dyspnea The degree of dyspnea was estimated partly on the 
subjective appearance of the subject and partly on the relative increase 
in minute lolume The analysis of the following experiments will 
sene to illustrate the method of making this estimation In Experiment 


5 Peters and Barr Am J Physiol , December, 1920 



148 


ARCHIVES OF INTERNAL MEDICINE 


16 the subject rebreathed until he felt uncomfortable and thought that 
he could not keep up any longer At this point he showed only moderate 
subjective dyspnea and objectively, in spite of the very high initial 
vital capacity, he had a rather low minute volume, comparatively slow 
respiratory rate and low tidal air The result was that at the end of 
the experiment the final vital capacity was decreased to 5,416 cc 
When, however, the same subject was reassured that no ill eifects would 
follow, he repeated the experiment and succeeded in rebreathing for 
114 seconds longer Even though the vital capacity in the beginning 
varied little, the final vital capacity m this experiment decreased to 
4,616 c c , a difference of 800 c c 


Table 3 — Rebi eathing at Vital Capacity Amplitudes 
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Although the rate of respiration is an important factor to be con- 
sidered, It appeals that the decrease in vital capacity in this senes is 
more closely related to the increase m the tidal air amplitude than the 
rate of respiiation In general, the greater the increase in final tidal 
air, the greater is the decrease in vital capacity One may consider the 
difference between the final tidal air and the final vital capacity as the 
ultimate voluntary reserve of increase in amplitude of respiration It is, 
perhaps, possible to estimate the degree of dyspnea from this difference 
Thus, in Experiment 16, in which the dyspnea was only moderate, the 
difference between the final tidal air and vital capacity is 3,088 c c On 
the other hand, in the next experiment, in which the dyspnea was quite 
marked, this figure dropped to 1,976 c c In this experiment, even 
though the vital capacity was decreased by 1,240 c c , and his final tidal 
air was 2,640 c c , when these figures are compared with those in the 
sixth experiment, it will be noticed that m the latter, in spite of the 
relatively small decrease in vital capacity (620 c c ) the difference 
between the final vital capacity and tidal air is as low as 216 c c That 
this person was subjected to an extreme dyspnea is also borne out by 
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the very high minute volume at the end of the experiment, namely 90 48 
liters One is, therefore, justified m concluding from these data that 
the subject in Expeiiment 17 had a great deal more reserve and could 
possibly keep up longei, whereas the subject m Experiment 6 was 
using his last resources to compensate for the dyspnea 

As the vital capacity determinations depend primarily on voluntary 
effort, there is a possibility that anticipation of results might produce 
a decrease in vital capacity A number of experiments, therefoie, were 
pel formed on subjects who did not know befoiehand what the results 
would be, and who were willing to cooperate fully with us These 
subjects were free fiom any appaient cardiac or pulmonary disease 
The results in these subjects did not differ in any way from those 
obtained when the expeiiments were performed on ourselves 

A few experiments were performed with the subject breathing 
atmospheiic air at vital capacity amplitudes, but against resistance. 
In spite of the absence of any subjective or objectue dyspnea, there was 
a decrease in the vital capacity from 336 c c (6 87 per cent ) to 739 c c. 
(16 per cent ) This decrease was undoubtedl}^ the result of fatigue of 
the muscles of respiration caused by undue effort Subjectively, \olun- 
tarj control of these muscles was diminished, and the experiment was 
terminated on account of discomfort and the cramping of these muscles 
That the decrease in vital capacity was not due to breathing per se at 
vital capacity amplitudes, is evident by the following experiment 
Prolonged breathing was carried out at vital capacity amplitudes, and 
the resistance against breathing was minimized by the use of tubing 
with a diameter of 22 mm It was possible to continue the experiment 
for forty-five and one-half minutes and then stop it at will The vital 
capacity ranged within normal vaiiations throughout the expeiiment. 
As one would expect, the respiration rate and the minute volume 
were decreased markedly No dyspnea or fatigue were experienced 
subjectively 

In all the experiments in which rebieathing was earned out at vital 
capacity amplitudes, it was evident that the latter began to dimmish 
gradually from the beginning, slowly at first and then more and more 
rapidly The decrease in vital capacity at the end of the experiments 
ranged between 6 4 per cent and 35 8 per cent of the normal In this 
series also, the amount of decrease in vital capacity depends on the 
degree of dyspnea at the end of the experiment As the point of intol- 
erance to carbon dioxid approaches, the extent to which rebreathing is 
continued has a marked effect on the degree and rate of decrease on the 
vital capacity If, under such conditions, rebreathing is carried out a 
few seconds longer, the vital capacity is reduced markedly The rate of 



Table 4 — Running Until Ilvpcrpnca Folloivcd by Rehrcathing in Untiaincd Athletes 
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respiration m this series was quite slow and inci eased only slightly until 
the onset of dyspnea The relative increase in the rate of respiration in 
both series was approximately the same 

Two types of observations were made in the study of the relation 
of exercise to vital capacity, and rebreathing immediately after exercise 
or as soon as the apparent dyspnea disappeared One set of experi- 
ments was perfoimed on athletes at a gymnasium It was found that 
ordinary floor exercise did not produce any increased ventilation of the 
lungs, and therefore did not appreciably change the vital capacity 
Running was, therefore, adopted as the exercise of choice for the pro- 
duction of dyspnea The final determinations were made at the point 
at which the subject was dyspneic The apparatus was near at hand so 
that only a small interval of time elapsed between the end of exercise 
and the determinations Nevertheless, some of the athletes so promptly 
recovered from dyspnea that little or no change in the final vital capacity 
occurred 

It seemed that prompt recovery in these subjects was due to the fact 
that they were athletes Therefore, another set of experiments was 
carried out on untrained subjects In most of these subjects the vital 
capacity was decreased after exercise The tidal air and minute 
volumes were increased Soon after exercise, in spite of the apparent 
absence of subjective dyspnea the tidal air was somewhat higher than 
normal, and the vital capacity remained below normal If rebreathing 
vas carried out at this stage, the interval was diminished by ovei one 
half of the rebreathing intenal with the same amount of reserve air 
before exercise Rebreathing in this series did not change the rate of 
respiration very much but increased the tidal air considerably When the 
minute volume became quite high, it remained close to that level, so that 
at the beginning of rebreathing it was within the limits of dyspnea 
After rebreathing, however, in most cases it rose highei than at the 
end of exercise 

Rebreathing after exercise is probably analogous to the conditions 
present in patients with heart disease These patients, like our normal 
subjects after exercise, have a vital capacity lower than normal, and can 
hold their breath for a few seconds after a deep inspiration or a deep 
expiration, but less than normal They both have a tendency to dyspnea 
and a shortened rebreathing inteival In the absence, therefore, of 
thoracic exudates or transudates or other mechanical conditions to cause 
an actual diminution in the capacity of the lungs, one is justified to 
assume that a decrease of the vital capacity of the lungs depends to a 
great extent on the degree of dyspnea 

The last series of experiments was carried out to determine whether 
dyspnea produced by conditions other than increase or inspired carbon 
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dioxid or exercise had the same effect on the vital capacity In the 
cases in which there was a decrease in vital capacity, there was sub- 
jective dyspnea and objectively an increase m the minute volume On 
the other hand, one is not certain of the results in those cases in which 
the mental symptoms were marked Thus, in Experiment 7, toward 
the end the subject was lethargic and practically without any voluntary 
control over his respiiations In this experiment, therefore, it is dif- 
ficult to decide whether the decrease in vital capacity is really due to an 
increased pulmonary ventilation or to a loss of control of his accessory 
muscles of respiration In some of the experiments, the discomfort 
during the experiment was so great that the experiment was terminated 
before the onset of dyspnea All attempts in the case of one subject to 
produce dyspnea were unsuccessful because of the severe sense of com- 
pression in the head, and the feeling of having received a blow on the 
head The symptoms during this period, and for several hours after- 
ward, were no different than those so w'ell described by J Barcroft “ 
under the title “Acute Anoxaemia ” When one compares the smooth 
and easy w^a)’- of producing dyspnea by means of increased inspired car- 
bon dioxid wnth the discomforting and probably dangerous method wuth 
oxygen w'ant, one is justified m discarding the latter method, especially 
since the changes in the vital capacity cannot be w^ell controlled wuth the 
latter method Moreover, this method was recently tried from the same 
point of view"- as in our experiments and w'as found unsatisfactory by 
Stengel, Wolferth and Jonas ' 


SUMMARY 

1 Dyspnea w'as produced by the use of exercise, increased carbon 
dioxid tension in the inspired air and oxygen w^ant 

2 When the pulmonary ventilation was increased, there was a 
decrease in the vital capacity 

3 The use of oxygen w^ant for the production of dyspnea does 
not give well controlled results wnth reference to the study of vital 
capacity 

4 In a few experiments exercise produced a slight but noticeable 
increase in vital capacity 

5 After exercise, a condition is produced in the body that is quite 
analogous to that in patients w'lth heart disease with reference to their 
vital capacity, the tendency to dyspnea and the shortened rebreathmg 
interval 

6 The decrease in vital capacity of the lungs is secondary to 
dyspnea and depends primarily on conditions which produce dyspnea 

6 Barcroft, J Acute Anoxaemia, Lancet, September 4, 1920 

7 Stengel, Wolferth and Jonas Trans Assn Am Physicians, 1920 
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7 Dyspnea, as experimentally produced, always was marked before 
any appreciable reduction of vital capacity was obtained It is possible 
in patients who are physically incapacitated by disease that dvspnea 
may have a much more marked effect on the vital capacity of the lungs 

8 The reduced vital capacity, in part at least, is presumably due to 
the dyspnea which enters into the make-up of the clinical picture in 
patients with cardiac disease 



BOOK REVIEWS 


NON-SURGIC^L DRAINAGE OF THE GALL TRACT By B B Vinceni 
L\on, AB, MD, Chief of Clinic, Gastro-Intestinal Department of the 
Jefferson Medical College, Attending Physician (formerly pathologist) to 
the Methodist Episcopal Hospital, Philadelphia Cloth Price $10 00 
Pp 640, with 175 engravings and 10 colored plates Philadelphia Lea and 
Febiger, 1923 

This volume presents in a detailed manner the author’s extensive investiga- 
tion of the diagnostic and therapeutic value of the nonsurgical drainage of 
the gall tract Following an excellent chapter on the anatomy of the biliary 
system, tbe author devotes sections to a discussion of the fundamental principles 
on which the method is based, namely, the theoretical “law of contrary innerva- 
tion” of S J Meltzer, and to a critical review of experimental work tending 
to cast doubt on the soundness of this underlying principle 

The technic of medical drainage of the gall tract is given in detail as w'ell 
as the author’s indications for its use in various pathologic and functional 
conditions Numerous case protocols are appended to illustrate the employment 
of the procedure in the diagnosis and treatment of gall tract disease and other 
conditions in which its use depends on less well defined indications Se\eral 
of these protocols report cases of “biliousness” and “biliarj migraine” treated 
by nonsurgical gall tract drainage The reader, however, is left in some doubt 
as to the essential nature of “biliousness” and is not advised as to means of 
recognizing “biliary” migraine Many will question the truth of the author’s 
assumption that migraine is a disease of the liver, and will ask whether the 
clinical improvement noted in the migraine group in cases in which this method 
of treatment was used may not have been achieved largely by other therapeutic 
measures 

Dr W F Manges contributes an excellent chapter on roentgen-ray diagnosis 
of gallbladder disease 

Dr Lyon’s volume may well be considered an authoritative exposition of 
the case for medical bile tract drainage and will prove of interest and value 
to the considerable number of physicians now using the method uith a view 
of determining its ultimate value 

THE THERAPEUTIC USE OF DIGITALIS G Canby Robinson, Professor 
of Medicine, Vanderbilt University Baltimore Price, $2 50 Pp 144 
Williams and Wilkins Co 

This is the first of a series of “Medicine Monographs” , the original appeared 
in Medicine 

The author states m the preface “In reviewing the extensive literature on 
the drugs of the digitalis group the writer has endeavored to keep constantl> 
in mind the needs of the physician who is faced with the problems of the 
treatment of heart disease In discussing the source of digitalis he calls 

attention to the value of American-grown digitalis which is equal in activity 
to that grown m Europe In discussing biologic essays he favors the cat unit 
The potency and permanency of digitalis preparations are reviewed m detail 
A chapter devoted to the toxic effects of digitalis contains much valuable 
information The therapeutic effects of digitalis is discussed under four heads 
effect on the heart muscle, cardio-inhibitory mechanism, blood vessels and 
kidneys 

A chapter of twentv-seven pages is devoted to the use of digitalis in heart 
failure This is subdivided into disturbed cardiomechanism, heart failure with 
normal cardiac mechanism, vulvular heart disease and disturbance of tbe 
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nervous mechanism There follows a chapter on digitalis m infectious diseases 
The question of dosage — intravenous, subcutaneous, intramuscular and by 
rectum — is discussed in a concise manner Reference 163 includes all the more 
important discussions on digitalis 

There is a distinct need for a book of this character in which the entire 
subject IS presented m a concise manner by a physician who is familiar with 
both pharmacology and clinical medicine It can be read or referred to with 
profit by every practitioner of medicine 

TUBERCLE BACILLUS INFECTION AND TUBERCULOSIS IN MAN 
AND ANIMALS Albert Calmette Authorized English translation by 
William B Soper and George H Smith 689 pages, 25 plates, 31 figures 
Baltimore Williams & Wilkins Company, 1923 

This IS an excellent text on the subject mentioned in the title It contains 
detailed reference to the morphology, cultural characters, susceptibility to various 
agents, the chemical composition, toxins, tissue lesions, and mechanism of host 
infection of the tubercle bacillus Tuberculosis of the various tissues and organs 
IS discussed fully Part two contains details regarding tuberculosis in animals 
other than man These chapters discuss the bovine and avian types and also the 
acid-fast bacilli of cold blooded animals Part three considers the tissue defense 
and the diagnosis of tuberculous infection Part four deals ivith the natural 
immunity and immunization against tuberculosis One chapter of this part con- 
siders briefly chemotherapy The text is especiallv laluable to those interested 
m more than clinical tuberculosis For the latter group, however, there is con- 
tained much useful information 

INVESTIGATIONS INTO THE OCCURRENCE AND CLASSIFICATION 
OF THE HAEMOGLOBINOPHILIC BACTERIA Martin Kristensen 
Copenhagen Levin & Monksgaard, 1922 

This report of 272 pages and three plates concerns a review of the causal rela- 
tionship of B mfluencae with the recent and the 1889-1892 pandemics of influenza 
To this are added cultural and morphologic studies of B viflncncac by the author, 
as well as summaries of these features by others It is reasonable to conclude, 
writes the author, that B mfluenzae is not the primary influenza microbe The 
morphologic and cultural characteristics of B influenzae are given in detail A 
comparison of B influenzae with other hsemoglobinophilic bacteria is given The 
text, therefore, appeals particularly to those interested in bacteriologv 

INFECTION AND RESISTANCE Hans Zinsser Third edition, revised 
666 pages New York The MacMillan Companj^ 1923 

Zinsser’s “Infection and Resistance” as a text needs no introduction to workers 
in immunity and the closely related medical sciences The third edition, thor- 
oughly revised, contains complete accounts of immunity processes, with added 
interpretations which recent work in colloidal chemistry are making possible 
This text IS invaluable to those interested in any phase of immunity, present 
or past 
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AN ANALYSIS OF TWO HUNDRED AND TWENTY 
CASES OF ENDOCARDITIS 

WITH SPECIAL REFERENCE TO THE SUBACUTE BACTERIAL TYPE 

B J CLAWSON, MD 

MINNEAPOLIS 

The condition of the heart valves included in the term subacute 
bacterial endocaiditis has mthin the last fifteen to twenty years created 
much interest As early as 1885, Osier ^ described this condition in what 
he called malignant endocarditis Horder - and Billings ^ described it, 
in 1909, under the heading of infective endocarditis Endocarditis lenta 
was the term used by Schottniuller * m 1910, and in the same 3^ear the 
term subacute bacterial endocarditis was first used by Libman and 
Celler Munzer ^ and Ruggen " used the term slow endocarditis 
Various phases of the subject have been considered in France by Achard 
and Rouillard,® Debre,® and others, in Germany by Schottniuller,^ 
Munzer,® Hassencamp and Moravitz , m England by Lewis, 
Horder,^® Poynton,^^ Boyd,” Cotton,” Combs,” Gibson,” Gow ” and 
Starling , in Canada by Murray and Lougheed , and in the United 
States by Libman and Celler,® Baehi and Lande == and others 


*From the Department of Pathology, Unnersity of Minnesota 

1 Osier, W Bnt M J 1 467, 1885 

2 Horder, T J Quart J Aled 2 289, 1909 

3 Bilhngs, Frank Chronic Infectious Endocarditis, Arch Int l^Ied 4 409 
(Nov ) 1909 

4 Schottmuller Munchen mod Wchnschr 57 617, 1910 

5 Libman, E, and Celler, H L Am J M Sc 140 ‘516, 1910 

6 Munzer, E Zentralbl f mn Med 41 282, 1920 

7 Ruggen Riforma med 36 522, 1920 

8 Achard, C, and Rouillard, J Bull et mem Soc med d hop de Pans 
44 910, 1920 

9 Debre R Rev de med 36 199, 1919 

10 Hassencamp, E Deutsch med Wchnschr 48 1638, 1922 

11 Moravitz, P Munchen med Wchnschr 68 1478, 1921 

12 Lewis, T Bnt M J 2 301, 1920 
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14 Poynton, F J Bnt M J 2 306, 1920 

15 Boyd, F D Edinburgh M J 27 129, 1921 

Bnt M J 2 851, 1920 

Bnt M J 2 306, 1920, Quart J Med 15 114, 1922 
Bnt M J 2 308, 1920 
Bnt M J 2 307, 1920 
Bnt M J 2 308, 1920 


16 Cotton, T F 
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19 Gow, A E 

20 Starling, H J 


^ Marra}', L M , and Lougheed, G W Canadian M A J 11 666, 1921 
^ Lande. H Glomerulonephritis as a Complication of 

Subacute Streptococcus Endocarditis, J A M A 75 789 (Sept IS) 1920 
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An exact agi cement among workers as to what is meant by sub- 
acute bacterial endocarditis has not been reached Libman-^ has 
included such conditions as are frequently called chronic ulcerative 
endocarditis, chronic malignant endocarditis and endocarditis lenta 
Valvular defects resulting from rheumatic and syphilitic infections and 
defects caused by congenital deformities and arteriosclerosis he would 
not consider as endocarditis He would classify endocarditis as rheu- 
matic, syphilitic and bacterial The bacterial type he would divide into 
acute (lasting up to about six weeks) and subacute (lasting from four 
to eighteen months or more) Horder’^ would eliminate from the 
class subacute bacterial endocarditis such conditions as acute bacterial 
endocarditis, bacterial endocarditis associated with other diseases, acute 
or chronic and ulcerative endocarditis 

A general uniformity of opinion exists among writers on the subject 
of subacute bactenal endocarditis in regard to a group of clinical and 
pathologic findings Clinically, the condition is characterized by an 
insidious onset, disability and loss of tone, sallow complexion, inter- 
mittent fever which is often not high and at times in the course of the 
disease may be absent for considerable periods, progressive anemia of 
the secondary type, joint pains and some articular swelling not so severe 
as in rheumatic fever, dyspnea, the presence of petechiae on the skin 
and conjunctivae, especially when they occur in recurrent crops, Osier’s 
nodules, mild leukocytosis and the marked frequency of the finding of 
St} eptococcus vnidans in the blood The disease seems to prevail among 
persons from 20 to 45 years of age and frequently m persons who have 
had a previous attack of rheumatism This form is common among 
soldiers, as is pointed out by Becher m Germany and Murray in 
Canada According to Hassencamp,^® it is on the increase in Germany, 
especially among ex-soldiers Lewis thinks that it is much more 
common than has been generally believed and that it often escapes 
recognition Moravitz says that it is generally not diagnosed properly 
but IS frequently called incipient tuberculosis, anemia, malaria, etc In 
emphasizing the increased incidence since the war, Gow shows that in 
an English hospital there were seventeen cases of subacute bacterial 
endocarditis in 460 necropsies during a period of seventeen months, 
while in the same length of time since the war there were thirty cases 
in 345 necropsies Horder found it occurring in England in the 
proportion of about 1 to 200 among patients admitted to the hospital in 
which he made his observations This form of endocarditis seldom has 


23 Libman, E Am J M Sc 144 313, 1912 

24 Horder, T J Bnt M J 2 301, 1920 

25 Becher, E Munchen med Wchnschr 68 267, 1921 
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a duration of more than two to thiee years It is generally fatal, 
although 1 ecovei les have been reported by Libman and Murray 

The chai actenstic pathologic findings at necropsy are embolic 
processes (such as petechiae in the skin and conjunctivae, infarction of 
the spleen and kidneys, ceiebral embolism and embolic glomerulo- 
nephritis), enlaiged spleen, laige and villous vegetations on leaflets 
otherwise normal oi thickened fiom pievious inflammation and involve- 
ment of the mural endocardium Pericarditis and myocarditis are 
seldom found Aschoft nodules m the myocardium are rare Strepto- 
coccus vindans is commonly found in the heait blood and on the injured 
valves 

The purpose of this paper is to analyze 220 hearts which show the 
results of definite rheumatic or bacterial infections to determine whether 
a definite anatomic picture of subacute bacterial endocarditis exists and 
if so how It differs pathologically from other forms, such as primary 
and secondaiy acute bacterial and rheumatic endocarditis, and to study 
the origin and manner of development of old healed defective valves 

Two hundred and twenty hearts with infectious valvulai injuries 
were found in a series of 3,890 necropsies performed at the University 
of Minnesota during the yeais 1912 to 1922 One hundred and thiity- 
six hearts had been preserved and were available for examination The 
necropsy descriptions weie used foi the remaining eighty-four From 
one to three slides of heart, kidneys and liver from each necropsy were 
examined Only positive microscopic findings are conclusive, for it 
would be necessary to have sections from many different parts of 
organs in order to draw negative conclusions 

These 220 hearts were separated by necropsy findings into two main 
groups hearts with active lesions and hearts with old healed defective 
valves The cases with'active lesions were further divided into (1) 
bacterial endocaiditis (those without an immediate association with 
rheumatism), and (2) rheumatic endocarditis (those immediately 
associated with acute rheumatic fever) The bacteiial type was 
divided on the basis of the duiation of the process into (a) subacute 
bacterial endocarditis with a clinical course of moie than six weeks 
(usually from foui to eighteen months oi moie), and (&) acute 
bacterial endocarditis with a duration of not moie than six weeks The 
latter class was consideied as primaiy acute bacterial endocarditis when 
no primary focus of infection existed and as secondaiy acute bacterial 
endocaiditis when associated with anothei disease, acute or chronic 

26 Libman, E Brit M J 2 304, 1920 

27 Murray, L M Ann Chn Med 1 18, 1922 
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The classification adopted as a working basis in analyzing these 
hearts was, therefore 

I Hearts with active lesions 

1 Bacterial endocarditis 

(a) subacute 

(b) acute (primary, secondary) 

2 Rheumatic endocarditis 

II Heaits with old healed defective valves 
h'lfteen cases of bacterial endocarditis were classified as doubtful 
because the duration of the disease was unknown It is seen m Table 1 
that, of the 220 hearts, the subacute bacterial group comprises seventy- 
two (33 per cent ), those with old healed valves sixty-four (29 per 
cent), the secondary acute bacterial forty-three (20 per cent), the 
primary acute bacterial seventeen (8 per cent ) , and the acute rheumatic 
nine (4 per cent ) 


Table 1 — Relative Numbei of Each Kind of Valvulat Disease Found 

in 220 Necropsies 


Kind 

Number 

Percentage 

Subacute bacterial endocarditis 

72 

32 7 

Healed thickened valves 

&1 

29 0 

Secondary acute bacterial endocarditis 

4S 

19 5 

Acute bacterial endocarditis, independent 

17 

77 

Acute rheumatic endocarditis 

9 

40 

Doubtful 

15 

68 


Three thousand eight hundred and ninety necropsies were performed 
from 1912 to 1922 The total number of hearts with valvular disease 
was 220, or 5 6 per cent 

ILLUSTRATIVE CASES OF EACH GROUP 

Subacute Bacterial Endocarditis — A white boy, aged 18, admitted to the hos- 
pital on Aug S, 1920, complained of weakness and fever At the age of 6 he 
had had rheumatic attacks with pain in the joints, and at 10 he had had measles 
and mumps He had had frequent attacks of sore throat In the winter of 
1919-1920 he had had influenza and pneumonia About March, 1920, he 
noticed pain in the region of the spleen followed by chills and fever coming 
on about 4 o’clock each afternon Three weeks later he had attacks of pre- 
cordial pain relieved by sitting up Physical examination showed the heart to 
be enlarged and the spleen and liver palpable The urine contained many leuko- 
cytes and red blood cells The hemoglobin content was 31 per cent , the 
erythrocytes numbered 2,660,000 A blood culture made before death yielded a 
pure growth of Sti eptococcus virtdans The temperature was septic in type, 
running up to from 102 to 103 F each afternoon During his stay in the hos- 
pital he developed at one time a left-sided hemiplegia There was pain in the 
left arm and loss of radial pulse He grew progressively worse until death on 
Oct 4, 1920 When examined at necropsy no edema was present There was 
no excess fluid in the peritoneal, pleural or pericardial cavities The peri- 
cardium was adherent to the heart over the entire anterior surface, with fibrous 
adhesions The heart weighed 540 gm The mitral valve leaflets were almost 
entirely covered with numerous vegetations which extended up on the wall of 
the auricle The spleen was enlarged, weighing 310 gm and adherent to the 
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omentum A number of hard white infarcts measuring up to 4 cm in diameter 
were found The liver was enlarged, weighing 2,200 gm , and on section passive 
congestion was evident Over the surface of both kidneys puckered scars of 
healed infarcts were seen On the right side of the brain, there was a depression 
which on section showed a softened area 1 cm m diameter 

Healed Defective Valves ~A young white man, aged 27, admitted to the hos- 
pital on April 15, 1922, complained of hemoptysis, anasarca, precordial pains, 
dyspnea, weakness and palpitation He had chorea at the age of 4, with 
recurrences until the age of 6, and measles without complications at the age of 
9 His first attack of rheumatism occurred at the age of 19 It lasted a month 
and involved all the joints The}' were red, swollen and painful At the age of 
22 he had had a second attack lasting three months He had had frequent 
attacks of tonsillitis Following his second attack of rheumatism in 1917 he 
had developed slight dyspnea and palpitation on exertion This had cleared up 
in a short time In August, 1921, while working, he had developed a troublesome 
cough and expectorated bright red blood In January, 1922, he had had edema 
of the extremities for the first time Because of extreme dyspnea and weakness 
he entered the hospital He had to be propped up in bed to breathe The skin 
was slightly icteric, and the mucous membranes were cyanotic Death occurred 
on Oct 1, 1922, from heart failure At necropsy marked edema was present in 
the loner extremities, scrotum, penis, back, forearms and hands The skin 
was yellow The peritoneal cavity contained about 6 liters of straw colored 
fluid The right pleural cavity contained 200 c c of yellowish fluid, and 
the left 500 c c About 900 c c of clear fluid were found in the pericardial cavity 
The heart weighed 550 gm The edges of the tricuspid valves were replaced by 
firm fibrous scar tissue The orifice was greatly narrowed The mitral orifice 
was also greatly narrowed and the leaflets fused, thickened and calcified The 
aortic leaflets were distorted, but the orifice was not greatly narrowed The 
lungs were edematous The liver showed marked evidence of chronic passive 
congestion The spleen and kidneys were free from infarcts 

Sccoudaty Acute Bactcnal Endocaiditis — A white woman, aged 36, was 
admitted to the hospital on May 25, 1921 On April 14, she had been delivered 
of a full term baby, but had not had an attending physician The baby had 
died on April 24 from erysipelas and meningitis On the twentieth day after 
delivery, the patient developed swelling in the legs and a temperature of 103 F 
She died on May 31, 1921, from sepsis At necropsy the left leg and thigh were 
found to be markedly edematous, and the foot and leg half way up to the knee 
were gangrenous Some fibrinous adhesions were present in the pelvic cavity 
but no free pus On the aortic cusps were numerous pink vegetations, some 
of which were large The spleen was enlarged and contained two fresh infarcts 
No infarcts were found in the kidneys The uterus was soft and friable A 
thin serous fluid was present on the uterine mucosa The left common iliac 
vein was completely filled with a soft purulent thrombus The uterine plexus 
showed thrombosis Blood cultures made before death contained Sti cptococcus 
hemolyticus 

Pninaiy Acute Bacteiial Endocaiditis — A white woman, aged 34, who had 
always been well, was taken sick September 21 1919, with a chilly sensation, 
nausea and pain m the back She had no sore throat at the time The tem- 
perature, which was 104 F , continued until death on Sept 27, 1919 At necropsy 
no edema or jaundice was present No lesions were noted in the pelvis or 
about the appendix The heart weighed 370 gm Several large vegetations were 
present on the mitral valve The leaflets were thickened and the adjacent edges 
fused On the leaflets of the aortic valve there were two or three rather large 
vegetations The lungs showed a slight increase in amount of fluid The spleen 
was large, weighing 520 gm Several infarcts were found m the spleen and 
kidneys From cultures of the heart blood and spleen Sti cptococcus hemolyticus 
was grown 
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Acute RheumaUc Endocarditis — A young white girl, aged 9, admitted to the 
hospital on Nov 11, 1922, complained of dyspnea on exertion, nervousness and 
pain over the precordium The present illness began in June, 1922, when she 
had an attack of acute rheumatism There was multiple involvement The joints 
were swollen, red and tender The rheumatic attack lasted two weeks The 
tonsils were enlarged and reddened The temperature ranged from 99 to 
101 5 F The blood showed 70 per cent of hemoglobin, 3,950,000 red blood 
cells and 13,000 white cells On Dec 2, 1922, she had a sudden collapse with 
marked dyspnea and cyanosis and died At necropsy slight edema was noticed 
about the ankles and face About 200 cc of clear fluid was present in the 
peritoneal cavity The pleural cavities contained no excess fluid The peri- 
cardial fluid was clear, but there were multiple fine nodules over the epicardial 
surface Multiple small verrucose bodies with smooth surfaces were present 
on the under surface and on the edges of the mitral valves Similar small 
globular structures were found on the under surface and on the edges of the 
cusps of the aortic valve and a few on the tricuspid The lungs were grayish 
pink and feathery throughout There was no evidence of infarcts in the spleen 
and kidneys Blood cultures taken during life and at necropsy were negative 


Table 2 — Age and Sex Incidence 



Subacute 

Bacterial 

Endocarditis 

Healed 

ThicLencd 

Valves 

Secondary 

Acute 
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Endocarditis 

Acute 
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Endocarditis, 
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Rheumatic 

Endocarditis 
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14 
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6 
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9 
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2 

13 
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3 

7 

3 

0 

3 

0 
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0 

7 

2 

0 

2 

4 

1 

5 

4 

1 

5 

2 

1 

3 

0 

0 

0 

8 
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1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 
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2 

1 

0 

1 
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0 
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0 

0 

0 

Totals 

54 

18 

72 

51 

13 

w 

22 

21 

43 

10 

7 

17 

3 

6 

9 


Ihe ratio of males and females coming to necropsy Is 2 1 


AGE INCIDENCE 

In his cases, Horder found subacute bacterial endocarditis occur- 
ring between the ages of 15 and 50 Half of them occurred between 
the ages of 20 and 40 In Debre’s ® analysis, 66 per cent of the cases 
occurred in patients between the ages of 15 and 30 He also found a 
few cases in persons above 30 and a few in children M’Cartney 
reported a case in a child 3% weeks old, and cited the case of an infant 
6 months old In our cases, it is seen in Table 2 that the peak of 
incidence of the subacute bacterial and the secondary acute bacterial 
groups IS in the third and fourth decades, of the old healed valve group 
in the fourth and fifth decades and of the acute bacterial and acute 
rheumatic groups in the second and third decades Comparing the 
age incidence in cases of old valvular defects with cases of hyper- 


28 M’Cartney J Path & Bacteriol 25 277, 1922 
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tension hearts (with which they are apt to be confused clinically), it 
IS found that the maximum age incidence in cases of hypertension 
hearts is m the sixth and seventh decades 

SEX INCIDENCE 

Males predominate in the subacute bacterial and old healed cases, 
while 111 the primary and secondary acute bacterial and acute rheumatic 
cases there is a prevalence of females There is a high percentage of 
females in the secondary acute bacterial group, especially in the third 
and fourth decades This is largely accounted for by the association 
of endocarditis with abortion and puerperal sepsis This occuired 
nine times in the forty-three cases of secondary acute bacterial 
endocarditis Rheumatic endocarditis is mainly a disease of youth but 
may occur later in life 

Table 3 — Embohc Pi occsses 


Secondary Acute 

Subacute Healed Acute Bacterial Acute 
Bacterial TliicLened Bacterial Endocarditis, Rlieumatic 
Endocarditis Valves Endocarditis Independent Endocarditis 

A A A A _ — 



No 

% 

No 

% 

No 

% 

No 

% 

No 

% 

Petechiae 

21 

290 

3 

47 

2 

46 

3 

18 0 

1 

110 

Infarct, spleen 

34 

47 0 

10 

155 

15 

35 0 

7 

41 0 

0 

00 

Infarct, kidney 

30 

42 0 

7 

110 

10 

230 

7 

41 0 

0 

00 

Paralysis 

12 

170 

1 

1 5 

1 

23 

2 

118 

0 

00 

Oases with embohc processes 

48 

670 

14 

220 

16 

370 

10 

69 0 

‘ 1 

no 

Cases with all four forms 
Oases with both spleen and 

1 

1 4 

0 

00 

0 

00 

0 

00 

0 

00 

kidney Involvement 

Oases of embolism on basis of 

14 

19 0 

6 

90 

9 

21 0 

6 

35 0 

0 

00 

spleen, kidney and brain 

45 

62 5 

12 

19 0 

16 

37 0 

9 

53 0 

0 

00 

Total embolic processes 

105 

365 

21 

80 

28 

16 0 

19 

280 

1 

28 

Embolic glomerulonephritis 

35 

55 0 

2 

40 

1 

25 

2 

12 0 

0 

00 


EMBOLIC PROCESSES 

The frequent occurrence of embolic processes in subacute bacterial 
endocarditis has been emphasized by practically all who have written on 
the subject Starling found them m 58 per cent of his cases Such 
processes are manifested before death as petechiae on the skin and 
conjunctivae, and by symptoms of cerebral embolism At necropsy 
they are seen as infarcts of the spleen, kidneys and brain The relative 
frequency of such processes is shown in Table 3 Petechiae were found 
by the clinician or pathologist m thirty-two ( 14 5 per cent ) of the 220 
cases Of these thirty-two cases exhibiting petechiae, twenty-one (29 
per cent ) belonged to the subacute bacterial class, three (5 per cent ) 
to the class with healed defective valves, two (5 per cent ) to the 
secondary acute bacterial, three (18 per cent) to the primary acute 
bacterial, and one (11 per cent ) to the acute rheumatic This shows 
the percentage highest in the subacute and acute bacterial classes 


29 Bell, E T Personal communication 
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Petechiae occurred only once in the acute rheumatic group As pointed 
out by Gibsond® too much diagnostic importance must not be placed 
on petechiae, even when they occur in recurrent crops, for they may 
appear in other pathologic conditions, such as septicemia 

The most frequent manifestation of arterial embolism found at 
necropsy is the presence of infarcts in the spleen In Starling’s^® 
seventeen cases of subacute bacterial endocarditis coming to necropsy 
he found infarcts in the spleen in twelve In the 220 spleens in our 
series, infarction was found in sixty-eight (31 per cent ) Its occur- 
rence IS more than twice as frequent as were the petechiae As with 
the petechiae, the infarction of the spleen is more frequent in the sub- 
acute bacterial than in the other classes, but is relatively high m the acute 
forms Infarcts were present in thirty-four (47 per cent ) of the sub- 
acute bacterial cases, in ten (15 5 per cent) of the cases with old 
healed valves, in fifteen (35 per cent ) of the secondary acute bacterial, 
in seven (41 per cent ) of the primary acute bacterial, and in none of 
the acute rheumatic cases 

Infarction of the kidneys was common and of the embolic processes 
was next in frequency to infarction of the spleen In many of the 
cases both kidneys showed infarcts, but in these statistics the presence 
of infarcts in either or both kidneys is reported as one Infarction of 
the kidneys occurred fifty-seven times in the 220 cases, or in 26 per 
cent of them, only a little less frequently than infarction of the spleen 
It was present in thirty (42 per cent ) of the subacute bacterial cases, 
in seven (11 per cent ) of the cases of the old healed def ectn e valves, in 
ten (23 per cefit ) of the secondary acute bacterial, and in seven (41 per 
cent ) of the primary acute bacterial cases, but in none of the acute 
rheumatic cases was infarction of the kidneys noted In discussing 
embolic processes in subacute bacterial endocarditis, Horder states 
that the infarcts in subacute bacterial endocarditis are nonsuppurative, 
a characteristic which distinguishes them from the infarcts in the acute 
bacterial forms The kidneys in forty-five subacute bacterial cases were 
examined for abscesses In none of these was there any indication of 
abscesses In ten of the kidneys of the thirty-two acute bacterial 
forms, abscesses were present Abscesses were not found in the 
kidneys in any of the cases of acute rheumatic hearts The findings 
show the more frequent occurrence of suppuration associated with the 
acute bacterial forms The greater virulence of the organisms produc- 
ing the acute bacterial forms as a rule will account for this 

Paralysis resulting from brain emboli was a frequent finding, 
occurring eighteen times (20 per cent ) in the hearts examined It was 
found in the different classes as follows in the subacute bacterial 
twelve (17 per cent), in cases with old healed valves one CIS per 
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cent ), m secondary acute bacterial one (2 per cent ), in primary acute 
bacterial two (12 per cent), and in the acute rheumatic it did not 
occur at all 

Foity-eight (67 per cent ) of subacute bacterial, fourteen (22 per 
cent ) of the cases with defective valves, sixteen (37 per cent ) of the 
secondary acute bacterial, ten (59 per cent) of the primary acute 
bacterial, and only one (11 per cent) of the acute rheumatic showed 
embolic processes in one or more forms Only the subacute bacterial 
class contained a case having all four manifestations of emboli at the 
same time The cases having infarction in both the spleen and kidneys 
are as follows subacute bacterial fourteen (19 per cent), cases with 
defective valves six (9 per cent ), secondary acute bacterial nine 
(21 per cent ), primary acute bacterial six (35 per cent ) This condi- 
tion did not occur in the acute rheumatic hearts Leaving out the 
petechiae as a consideration, since they may be caused by a variety of 
conditions other than embolic processes, on the basis of infarction of the 
spleen and kidneys and cerebral embolism, it is seen that forty-five 
(62 per cent ) of the subacute bacterial, twelve (19 per cent ) of those 
with defective valves, sixteen (37 per cent ) of the secondary acute 
bacterial, nine (53 per cent ) of the primary acute bacterial, and none 
of the acute rheumatic showed the presence of arterial embolism When 
the total number of possible embolic processes, not including embolic 
glomerulonephritis, is noted, the various classes show the following 
number subacute bacterial 105 (36 per cent), cases with defective 
valves 21 (8 per cent ), secondary acute bacterial twenty-eight (16 per 
cent), primary acute bacterial mneteen (28 per cent), and acute 
rheumatic one (3 per cent ) 

The presence of embolic processes in the cases of old healed defec- 
tive valves IS probably to be explained as a result of a previous bacterial 
endocarditis Most of such infarcts are old The following case is one 
of the 220 cases which illustrate this condition 

A white man, aged 37, admitted to the hospital on April 29, 1912, complained 
of weakness, shortness of breath, pain in the precordium and back He stated 
that he had never had venereal diseases, scarlet fever, measles, diphtheria, 
tonsillitis or rheumatism His trouble began about fourteen years before with 
a dull pain in the region of the heart, weakness and shortness of breath He 
had no edema at that time Symptoms remained about the same until he became 
^ much worse four years previous to his coming to the hospital During an attack 
which lasted about five months, anasarca and ascites were present At necropsy, 
edema was prlsent in the feet The peritoneal cavity contained about 200 cc 
of a yellow flujd The right pleural cavity contained a large amount of yellow- 
ish fluid The pericardial cavity was greatly distended with a straw colored 
fluid The heart weighed 660 gm Whitish patches were noted in the endo- 
cardium in the right auricle The mitral leaflets were fused, thickened and cal- 
cified, giving the fish mouth appearance Several large deep reddish nodules 
were present immediately under the pleura of the right lung On section these 
were found to be red and triangular in shape The spleen weighed 270 gm The 
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cut surface showed a whitish area, triangular in shape, with the base toward 
the surface This area was from 4 to 5 cm wide and sharply demarcated The 
liver weighed 2,300 gm and showed passive congestion On the surface of 
both kidneys were deep depressions which on section showed the cortexes replaced 
by masses of connective tissue sharply marked off from the surrounding cortex 
Here there is no history of rheumatism Old healed infarcts were present in 
both spleen and kidnej^s The case strongly suggests a previous attack of bac- 
terial endocarditis as the cause of defective valves 

It can be said in general that embolic processes have the highest 
incidence in subacute bacterial endocarditis, high in acute bacterial 
endocarditis, relatively low in cases with healed defective valves, and 
absent in the acute rheumatic cases Abscesses when present as a result 
of infected emboli are associated with the acute forms Anatomically, 
the presence of embolic processes seems to differentiate the active forms, 
subacute and acute bactenal, from the rheumatic In cases of old 
healed defective valves, the presence of embolic processes, when we con- 
sider their absence in acute rheumatic cases, seems to indicate that heal- 
ing of cases of primal y or secondary acute bacterial or subacute bacterial 
endocarditis plays a role in the development of defective valves The 
higher incidence of embolic processes m subacute bacterial endocarditis 
than in the acute, primary or secondary, might be accounted for by the 
fact that the vegetations have been present over a longer period of time 
and that the possibility of parts of the vegetations breaking off and 
causing a cerebial embolism or infarction of the spleen and kidneys is 
proportionately greater The duration of the process should be con- 
sidered in interpreting variations in findings in the acute and subacute 
bacterial forms of endocarditis The presence of abscesses resulting 
from infected emboli is probably dependent on the virulence of the 
infective agent 

Embolic glomei ulonephritis, as described by Loehlein is common 
in subacute bacterial endocarditis It is a condition, as pointed out by 
Baehr and Lande,^^ in which there is an infarction of parts of the 
glomerular tufts resulting from bacterial emboli dislodged from the 
infected heart valve It occurs rarely or not at all in other classes 
Baehr and Lande considered it characteristic of subacute bacterial 
endocarditis They examined slides from several places in each kidney 
In our cases, the determination was made from an examination of one 
or two blocks Our findings can be considered conclusive only so tar 
as they are positive The relative frequency with which this condition 
occurs IS interesting (Table 3) The percentage of case incidence is 
high in subacute bacterial endocarditis, thirty-five (55 per cent ) , low 
in patients with old defective valves, two (4 per cent ) , in primary 
acute endocarditis, two (12 per cent), and in secondary acute, one 


30 Loehlem Med Klin 6 375, 1910 
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(2 5 pel cent ) It is absent in the iheumatic cases It is seen that 
this condition may be piesent m the old healed cases and in the acute 
foims in a few instances In one of the two old healed cases iiifaiction 
of the kidney was piesent In neither case were bacteiia found In one 
of the two cases of piimaiy acute bacteiial endocaiditis septic mfaicts 
weie piesent Evidentl}', m laie cases both abscesses and embolic 
glomei ulonephi itis may occiii at the same time In the othei piimaiy 
case, no infaicts weie present In the secondaiy acute case Sticpto- 
cocciis hemolyticm was cultuied fiom the blood It should also be 
noticed that embolic glomei ulonephi itis does not occui in the same pio- 
poition m the subacute bacteiial endocarditis as do the othei embolic 
processes This is accounted foi piobably by the degiee of viitilence 
of the organism in the bacteiial emboli producing the embolic glomei ulo- 
nephritis Appaiently only the less vnulent stiains pioduce embolic 
glomei ulonephi itis The viiulence of the oigamsm is anothei factoi 
alwa 3 '’s to keep m mind in interpieting piocesses associated with bacteiial 
endocaiditis 

SPLUNIC ENLARGEMEN T 

Splenic enlaigement is a usual finding m cases of subacute bacteiial 
endocarditis This has been emphasized by both clinicians and patholo- 
gists writing on the subject Ainett,'*^ in a study of splenic enlarge- 
ment in 286 neciopsies, found enlaigement of the spleen in chionic 
passive congestion resulting fiom caidiac failuie about one-half as 
fiequent as in endocaiditis Stalling,"'^ in discussing the pathology of 
subacute bacterial endocaiditis, lepoited enlaiged spleens in sixteen of 
seventeen neciopsies Enlaigement of the spleen can occui in any of the 
types of endocaiditis, even to quite an extent in the acute iheumatic 
The laigest spleen found in oui 220 cases was one weighing 1,400 gm 
in a case of subacute bacteiial endocaiditis The patient developed 
lobai pneumonia and at death Sit cptocotcu\ }icmo]yticn<; was found in 
the blood Consideiing the spleen weighing ovei 200 gm as enlaiged, 
enlaigement is found in foity-five (62 pei cent ) of the subacute bac- 
teiial cases, in twenty-seven (42 pei cent ) of the cases with defective 
valves, in twenty-one (49 pei cent ) of the secondaiy acute bacteiial 
cases, in twelve (71 jier cent ) of the acute bacteiial cases, and in 
three (33 per cent ) of the acute iheumatic cases (Table 4) With 
spleens of this size, little diffeience is noticed in the fiequency of its 
enlargement in the difleient classes When 500 gm oi moie aie con- 
sidered as enlaiged, the enlaigement is moie fiecjuent in the bacteiial 
types In subacute bacteiial cases, such enlaigement was found ten 
times (14 pel cent ), m cases with old healed valves once (15 pei cent), 

31 Arndt, J H Am J Med Sc 163 590, 1922 
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Fjg 1 — A clump of streptococci lodged m a glomerular tuft 



Fig 2 — Embolic glomerulonephritis in a case of subacute bacterial endo- 
carditis 
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in the seconclaiy acute bacterial five times (12 pei cent ), in the acute 
bacterial twice (11 7 per cent ), and in the acute rheumatic not at all 
Splenic enlargement is common in the subacute and acute bacterial 
forms and in the old healed valvular cases when enlaigement not 
exceeding 500 gm is considered, but when spleens weighing over 500 
gm aie counted, the percentage m the bacterial forms is highei It 
seems evident that splenic enlaigement to the extent of being palpable 
would be much moie common in bacteiial endocaiditis, acute or sub- 
acute, than m either the cases showing caidiac failure from defective 
valves or in the rheumatic cases Marked enlargement of the spleen 
associated with cardiac disease results mainly from infection lather than 
from passive congestion As m embolic piocesses splenic enlaigement 
does not definitely separate subacute and acute bacteiial cases of 
endocaiditis, but it sets these oft fiom the cases of acute rheumatic 
endocarditis 


Table 4 — Eulaiged Slylccii 
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300- 
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Per 
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Subacute bictcnnl en 
docarditis 

0 

9 

11 

4 

1 

1 

10 

14 0 

45 

f)2 5 

Healed thickened 

A ah es 

11 

3 

0 

3 

2 

1 

1 

1 5 

27 

42 0 

Second in icute b ic 
ten il endocarditis 

5 

0 

0 

2 

1 

2 

5 

12 0 

21 

49 0 

Acute bnctcrnl endo 
cirditis independent 

1 

1 

o 

o 

2 

1 

2 

2 

11 7 

12 

70 0 

Acute rheumatic endo 
carditis 

2 

0 

1 

0 

0 

0 

0 

00 

3 

33 0 


INVCLVCMDNT OF THE ENDOCARDIUM 

The vegetation itself, regardless of its location on the valve, has 
considerable significance, especially in differentiating the active bacterial 
forms from the rheumatic vegetations Libinan describes the vegeta- 
tions m the rheumatic hearts as being covered with endothelium, but 
Murray found that the endothelium was not always present over 
the vegetations Grossly, the vegetations in subacute bacterial endo- 
carditis are usually large, pedunculated though sometimes sessile, villous 
and cauhflower-like They are often soft, frequently calcified m parts, 
and often almost completely fill the orifices Those in the primary 
and secondary bacterial cases, ivhen examined grossly, are structurally 
similar to the subacute vegetations Frequently they aie smaller but 
not always The acute forms, especially those of the secondary acute, 
are red, soft and velvety in appearance While the vegetations of the 
subacute endocarditis cannot be diffeientiated grossly from the primary 
and secondary acute forms, all of these aie decidedly different from 
those found m the rheumatic valves In these the vegetations are 
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lound 01 globular in shape, small (usually not moie than from 2 to 5 
mm m diameter), smooth and glistening (Fig 3) This explains why 
embolic processes are not present in such cases 

Microscopically, the vegetations in the subacute and the acute forms 
of bacterial endocarditis seem to be similar They are essentially 
thrombi which are undergoing organization They are usually covered 
with bacteria, practically always streptococci (Fig 4) These, accord- 
ing to Libman,®^ pi event the endothelium fiom growing over the 
01 gam zed thiombus The oiganization is conspicuous in being cellular 
and only slightly vascular There is no difference apparently between 



Fig 3 — Vegetations in acute rheumatic endocarditis 


the active bacterial forms Any of them may suppuiate The micro- 
scopic picture of the rheumatic vegetation is different Baehr 
describes the lesion as first being a proliferative inflammation over 
which the endothelial cells swell and desquamate The denuded areas 
are covered with agglutinated blood platelets The adjacent endothelium 
rapidly proliferates covering the surface of the blood platelet nodule 
and thus limiting the size Later the verruca becomes organized and 
a ridgehke scar is formed The lesion as shown in our section (Fig 5) 
IS present wuthin the nodular vegetation, which is covered with endo- 

32 Libman, E Characterization of Various Forms of Endocarditis, J A 
M A 80 813 (March 24) 1923 

33 Baehr, G, cited by Libman 
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Fig 4 — Vegetation of subacute bacterial endocarditis showing streptococci 


\ 



Fig 5 — Rheumatic vegetation showing hyalinized area within the nodule 
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thelium m many cases Theie is little or no cellular exudate The 
lesion IS characterized by a hyalmized area (apparently hyalmized con- 
nective tissue) within the nodule, around which there is a marked pro- 
liferation The reaction to the viius is chaiacteiized by proliferation 
rather than exudation The endothelium may not cover the entire 
lesion, and the hyalmized material may extend beyond the endothelium, 
in this resembling the vegetation of the bacterial forms (Fig 6) 
Whether the process is the same as the bacterial but slower, with rapid 
proliferation of connective tissue and endothelium, oi whether it is 
strictly a proliferative piocess, is not entiiely cleai Further work is 



Fig 6 — Rheumatic vegetation show'ing the hyalmized material extending 
beyond the endothelium 

being done to determine the process In none of our rheumatic 
vegetations were bacteria found when stained, as were the bacterial 
vegetations, by the Gram-Weigert method The vegetations of the 
subacute and primary and secondary acute bacterial endocarditis cannot 
be differentiated absolutely by either gross or micioscopic examination, 
but they are easily differentiated from the type of vegetation found 
in the few hearts at our disposal, which were immediately associated 
with clinical cases of acute rheumatic fever This decided difference 
between the bacterial and rheumatic types can apparently only be 
explained on the basis of the character of the lesion A difference in 
virus IS certainly strongly suggested 
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The same lieait may show lesions of iheumatic moiphology on one 
\alve and of bacteiial moipholog}^ on anothei valve This is especially 
seen in the following case 

A ^oung white man, aged 23, admitted to the hospital on Nov 8, 1920, 
complained of pam m the joints (hips, knees, ankles, slioiilders, elbows and 
back) and shoitness of breath During his stay in the hospital he had a slight 
use in temperature and a slight leukocytosis Roentgen-ray examination 
showed the heart to be enlarged On Dec 1, 1920, he was dischaiged and on 
Tunc 4, 1921, he was readmitted with a complaint of severe pain from hemor- 
rhoids, dyspnea and some swelling of the ankles At this time he again had a 
slight temperatuic and leukocjtosis He died on the date of admission, of 
cardiac failure At necropsj edema was present in both legs There was slight 
jaundice About 200 c c of clear fluid were found in the peritoneal cavity 
The heart was enlaiged, weighing 575 gm On the edges of the leaflets of 
the tricuspid valve weie numerous small smooth round to globoid vegetations 
(rheumatic) The mitral valve was thickened, sclerotic and calcified, with a 
greatlv nai rowed oiifice On the surface of the thickened leaflets were numerous 
thick vegetations, some calcified and otheis pink and soft (bacterial) Both 
the spleen and kidneys were free from infarcts The liver showed marked 
evidences of passive congestion 

T VBLE 5 — Involvcmcui of Endocai diuin 


Stcondar\ Acute 

Subacute Healed Acute Bnctciial 4cute 

Bacten U 'Iluckcned Bacterial Bndocaiditis, Rheumatic 
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^o 

% 

No 

% 

No 

% 

No 

% 

No 

% 

Mitrnl 

■|5 

70 

W 

87 5 

33 

77 

11 

04 

7 

78 

Aortic 

,14 

47 

40 

(.2 0 

11 

33 

8 

41 

0 

67 

Tricuspid 

7 

07 
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14 

1 
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5 

50 
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10 
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2 
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4 

44 
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11 

n 

0 

0 

0 

0 

0 

0 

0 

0 

Ventricle 

1(. 

22 

0 

0 

3 

/ 

0 
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0 

0 

Ulceiation 

19 

2(» 

0 

0 

2 

o 

3 

17 

0 

0 


The involvement of the aunculai and ventnctilai endocaidiuin 
associated with valvulitis has been lepoited as occtiriing onl}^ in sub- 
acute bacteiial endocaiditis Hoidei -■* lefers to this condition and 
thinks that failtiie of typical signs of valvular injury may be accounted 
foi by the occtiiience of the infection on the muial endocaidiuin only 
In oui 220 heaits, the valves affected in oidei of fiequency iveie the 
mitral, aoitic and tiicuspid (Table 5) In the subacute bacteiial cases, 
the aunculai endocaidiuin was iin'olved in eleven (15 pei cent) and 
the endocaidiuin of the ventncle in sixteen (22 pei cent ) The sec- 
ondaiy acute bacteiial cases showed no aunculai involvement, but m 
three (7 pei cent) the ventnculai endocauhnm was affected Involve- 
ment of the muial endocaidiuin is not found m the other classes 
Anatomically the involvement of the muial endocaidiuin is fairly chai- 
actenstic of the subacute bacteiial class, but may be piesent in the acute 
foi m It IS the sti ongest anatomic differentiation between subacute and 
acute bacteiial forms Pei haps the degiee of difteience could be 
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explained on the basis of the duiation of the process so far as the acute 
and subacute bacteiial forms aie concerned, for in the longer duration 
of subacute bacterial endocarditis a greater possibility for spreading 
exists This explanation does not hold with the rheumatic, for it may 
have a duration equal to that of subacute bacterial endocarditis 

The teim ulceiative endocaiditis has had a general use To many 
the presence of embolic processes signifies the piesence of ulcerated 
valves If the breaking oft of paiticles of vegetations is looked on as 
ulceration, it is common m the subacute and acute bacterial types, but 
if a destruction of valvular tissue or oiganized vegetations with slough- 
ing IS considered as ulceration, then it ceitainly is much less common 
The latter condition is seen in Table 5 to be relatively rare, as it occurred 
in the subacute bacteiial form nineteen tunes (26 pei cent ), m the 
cases with old healed valves not at all, in the secondar} acute bacterial 
cases twice (5 per cent ), m the pinnaiy acute bacterial cases thiee 
times (17 per cent), and not at all in the acute rheumatic cases 
Ulceration was present twenty-seven times (17 per cent) in the 156 
active cases of endocarditis, while embolic processes were present 
seventy-five times (48 per cent ) It is obvious that to produce embolic 
processes it is not necessary to have ulcerated valves The term ulcera- 
tive endocarditis when used to indicate the presence of embolic processes 
IS not good, for m most cases no ulceration actually occurs Ulcerated 
valves cannot be used as a basis to diffeientiate subacute and acute 
bacterial forms Its presence would i ule out rheumatic endocarditis 

IMPLANTATION ON PREVIOUSLY INJURED VALVES 

Most observeis agree that heaits with valvular defects aie more 
susceptible to reinfection than hearts with normal valves and that m 
a high percentage of cases of subacute bacterial endocarditis there is a 
histoiy of a pievious valvulitis which has appaiently healed Combs,’’ 
in a histologic examination of valves m subacute bacterial endocarditis, 
found that m most of the valves theie had been a previous infection 
In our seventy-two hearts grouping as subacute bacterial endocarditis, 
forty-one (57 per cent ) anatomically showed valves which were thick- 
ened to such an extent that a previous involvement was evident Decided 
evidence of previous thickening was shown m eleven (25 5 per cent ) 
of the forty-three secondary acute bacterial cases, in twelve (71 pei 
cent ) of the seventeen primary acute bacterial cases, and in two (22 
per cent ) of the nine cases of the acute rheumatic hearts (Table 6) 
It seems apparent that the previously injuied valve is less resistant to 
infection than the normal valve and that these valves are subject to 
infection in the acute bacterial and the rheumatic types as well as in the 
subacute bacteiial The condition is not specific of the subacute bac- 
terial class 
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PERICARDITIS 

That rheumatic endocarditis is commonly associated with pericarditis 
and that m subacute bacterial endocarditis pericarditis is seldom found, 
was pointed out by Libman In our 220 hearts a study of the fre- 
quency m each class is made (Table 6) Pericarditis fiom the gross 
deteimination was found to occur as acute or healed with about the 
same frequency (18 to 19 per cent ) in all classes except m that of 
acute rheumatic hearts in which the percentage is veiy much higher 
(78 per cent ) Microscopic evidence of pericarditis showed it to be 
e\en more common Pericaiditis is not only moie frequent in the 
rheumatic class, but the rheumatic viius seems also to be the most fie- 
quent causal agent m producing pericarditis in hearts \Mth bacterial 
t}'pes of endocarditis or in hearts with defective valves Rheumatism 
preceded or was present in nine (69 per cent ) of the thiiteen cases of 


Table 6 — Relation of Rheumatism to Active Lesions, Old Healed Lesions, 
Pericaiditis and Pi eviously Thickened Valves 
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pericaiditis m the subacute bacterial class, in five (42 per cent ) of the 
twelve hearts with old defective valves, m two (25 pei cent ) of the 
eight secondary acute bacterial, in two (67 per cent ) of the three acute 
bacterial, and in seven (100 per cent ) of the seven rheumatic hearts, 
or in twenty-six (55 per cent ) of the total forty-seven cases of peri- 
carditis This seems to show that pericarditis is relatively infiequent 
m any but iheumatic hearts, except when rheumatism has pieceded the 
attack of acute oi subacute bacterial endocarditis and that in such condi- 
tions the iheumatic virus is generally responsible 

MYOCARDITIS 

It has been stated that the myocardium is seldom involved in sub- 
acute bacterial endocarditis Occasionally there is an interstitial exudate 
composed of large or small mononuclear cells The acute forms are 
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reported as having polymorphonuclear cellular exudate which differ- 
entiates them from the subacute bacterial and rheumatic classes In 
our series, the myocardium of fifty-four hearts with subacute bacterial 
endocarditis was examined (Table 7) Definite indications of inflam- 
mation were found in thirteen (24 per cent ) The character of the 
exudate was mononuclear in all but two, in which polymorphonuclear 
leukocytes were found In one of these, streptococci were found m 
the blood and on the heart valve in large numbers In the other, there 
was no bacterial record Forty-nine hearts showing primary acute or 
secondary acute bacterial endocarditis were examined microscopically 
Twelve (24 5 per cent ) of these showed exudative inflammation 
Five were mononuclear and seven were polymorphonuclear in character 
The myocardium has been reported to be involved in rheumatic endo- 
carditis in a much higher percentage than in any of the other types 
The type of inflammation is considered specific Aschoff nodules con- 
taining mononuclear cells and multinuclear large cells are looked on as 
specific of rheumatic endocarditis The myocardium of nine cases 
grouping clinically as rheumatic endocarditis was examined In none of 
these was there a polymorphonuclear exudate In nine (100 per cent ) 
inflammation was indicated by mononuclear exudate, and m eight of tlie 
nine Aschoff nodules were present 

ASCHOFF NODULES 

These nodules are reported to be found in the myocardium of 
rheumatic hearts and not in hearts of bacterial endocarditis An 
examination of 156 hearts which showed healed valves or in which 
there was active endocarditis was made (Table 7) Fifty-four of these 
were of the subacute class, and in six the Aschoff nodules were found 
A girl, aged 11, gave no history of rheumatism but had a history of 
cardiac trouble which was preceded about two years by chorea A 
second patient had two previous attacks of rheumatism, the first eleven 
^ears and the second six years before death A third patient had an 
attack of rheumatism ten years before A fourth patient gave a history 
of painful and swollen joints several months prior to the recent attack, 
and a fifth patient gave a history of painful joints about five months 
before death In all of these cases, there was a history of rheumatism 
except in one, but in this one there was a thickened valve which suggests 
a previous rheumatic infection The longest interval between the 
rheumatic attack and the final illness, ten years, occurred in the third 
case Eleven other patients with subacute bacterial endocarditis with 
a previous history of rheumatism of ten years or less had no Aschoff 
nodules in their myocardium In these there was no absolute evidence 
that the Aschoff nodules did not exist They might have been found by 
examining slides from other parts of the heart 



CL A WSON-^ENDOCARDITIS 


177 


Thirty-nine hearts with old healed valves weie examined, and in 
three of these the Aschoff nodules were observed In the first two cases 
there was no history of a previous attack of rheumatism No embolic 
processes were found in these at necropsy This might suggest that 
these thickened valves were produced by the rheumatic virus In the 
third case, a history of rheumatism five years before was recorded 
Here the Aschoff nodules seemed to have remained for a period of five 
years Three other cases with defective A^alves and a previous history 
of rheumatism of five years or less did not show Aschoff nodules 
The hearts of seventeen primary acute and thirty-two secondary 
acute cases of bacteiial endocarditis were observed, and in these forty- 
nine Aschoff nodules were found three times (Table 7) In the first, 
a history of rheumatism a short time before was mentioned In the 
second, there was no history of rheumatism, but there was a previously 
thickened valve and no evidence of embolic processes Two other acute 

Table 7 — Relation of Myocai diti^ to Endocai ditis 
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cases with a history of rheumatism of four years or less previous to 
death were examined, but no Aschoff nodules were found 

In eight of the nine rheumatic hearts Aschoff nodules were found 
It IS seen that in this type the percentage is much higher than in the 
other classes The findings in this series seem to show that the 
myocardium is involved m a much higher percentage in the rheumatic 
hearts than in either the acute or subacute bacterial classes The 
polymorphonuclear type of cellular exudate is most common in the 
acute bacterial forms, rare in the subacute bacterial, and not found at 
all in purely rheumatic carditis The Aschoff nodules are characteristic 
of rheumatic carditis, and when they are found in other types there has 
been a previous rheumatic infection These bodies may remain as long 
as ten years after infection, but on the othei hand they apparently ma}'- 
disappear in much less time 


RHEUMATISM 

The frequency of an attack of acute rheumatism previous to attacks 
of subacute bacterial endocarditis has been emphasized by many writers 
It has been thought the chief cause of previously thickened valves on 
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which fresh vegetations commonly develop Libman emphasized the 
fact that rheumatic endocarditis may be acute, recurrent or chronic 
It IS a common finding to have one attack of rheumatism follow another 
Just how a rheumatic valve progresses to extreme thickening and 
deformity is not entiiely clear, but in some cases at least it seems to be 
through recurrent or continuous infections with the rheumatic virus 
The following case m our series seems to show this continuous process 
The patient died when the process was still in progress 

A white girl, aged 14, was first admitted to the hospital on April 9, 1912, with 
cardiac trouble She had acute rheumatic arthritis when 9 years of age 
She remained in the hospital until May 1, 1912 She improved and was dis- 
charged with a diagnosis of mitral stenosis In June, 1913, she had a severe 
attack of tonsillitis The cardiac condition immediately became worse, and she 
suffered from rheumatic pains in the fingers She was readmitted to the 
hospital on July IS, 1913 The tonsils were enlarged and inflamed There 
were subcutaneous rheumatic nodules on the fingers During the first week in 
August she developed chorea, which ran a severe course On Sept 16, 1913, 
after a tonsillectomy, she became irrational On Sept 22, 1913, she became 
unconscious The next day her temperature rose from 98 to 104 F She died 
on Sept 26, 1913 

At necropsy no edema was noted The pericardial cavity was completely 
obliterated by fibrous adhesions The heart was greatly enlarged The leaflets 
of the tricuspid valve were thickened On the ventral surface near the margins 
of the leaflets were numerous small globoid vegetations The mitral orifice 
was distinctly narrowed The leaflets of the mitral valve were thickened and 
showed numerous similar globoid nodules No indications of infarction were 
found in the spleen or kidnej's The liver showed passive hyperemia In this 
case there were thickened valves on top of which were active rheumatic vege- 
tations From the history it would seem that the thickened valves were caused 
by the rheumatic virus 

In our cases, a history m which rheumatism was mentioned occurred 
ninety-three times (Table 6) Eighty (36 per cent ) of these gave a 
positive history of rheumatic fever and thirteen a negative history The 
number of positive cases of rheumatism is probably greater than the 
recorded cases show In comparing the different classes, it is seen that, 
aside from the acute rheumatic class itself, the subacute bacterial 
class shows the highest case incidence of a previous attack of rheu- 
matism In seventy-two cases of subacute bacterial endocarditis a 
previous attack of rheumatism occurred in thirty-six (50 per cent ) 
A pievious history of rheumatism was present in nineteen (29 per 
cent ) of the cases of old healed valves, in six (14 per cent ) of the 
cases of secondary acute bacterial endocarditis and in five (29 per cent ) 
of the acute bacterial class 

Previously thickened valves are probably produced by the rheumatic 
virus in more cases than by any other infective agent Of the foity-one 
previously thickened valves in the subacute bacterial cases, twenty-seven 
(66 per cent ) were preceded by an attack of rheumatism A previous 
attack of rheumatism was present in the other classes with previously 
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thickened valves as follows Five (45 per cent ) of the eleven secondary 
acute bacterial, four (33 per cent ) of the twelve acute bacterial, and 
one (33 per cent ) of the three rheumatic hearts 

These findings show that a previous rheumatic infection is frequent 
in cases of endocarditis, especially in the subacute bacterial types They 
also indicate that rheumatism plays an important role in producing 
thickening of the valve leaflets in both the old healed valve group and 
in the cases of subacute bacterial endocarditis with previously 
thickened valves 

BACTERIOLOGY 

Horder says he thinks that bacteria are present m the blood and 
on the valves throughout the course of the disease in subacute bacterial 
endocarditis, but Libman is of the opinion that there may be a bac- 
teria-free stage In Gow’s opinion the finding of the organism in the 
blood stream is of great diagnostic importance, but conversely he con- 
siders the failure to find the organism of little importance Boyd’^® 
found that streptococci may be adhering to the cusps when the blood 
stream is free All have found that Streptococc^is vii idans is the chief 
organism in the subacute bacterial endocarditis and that the acute bac- 
terial endocarditis is produced generally by Sti eptococcus hemolyhciis, 
staphylococcus and pneumococcus It is believed by most workers that 
rheumatic endocarditis results from an unknown virus, but Poynton 
says he feels certain, on the other hand, that this type too is produced 
by St7 epfococciis vii idans Combs suspects that rheumatic endocar- 
ditis may be produced by Sheptococais vn idans and the anatomic 
difference may be a result of different degrees of resistance on the 
part of the host Murray obtained a lower percentage of Strep- 
tococcus vmdans (80 per cent ) than Libman in the subacute bacterial 
class, and in one senes he and Lougheed recorded finding sixty-six 
per cent of Streptococcus hemolyticus in cases of endocarditis resem- 
bling subacute bacterial endocarditis Curschman^^ reported twelve 
cases of subacute bacterial endocarditis in five of which Sti eptococcus 
hemolyticus was found Combs believes the infecting organism is 
comparatively unimportant and is not constant .Horder stresses the 
fact that the organism producing subacute bacterial endocarditis is one 
of low virulence This we find important in considering why certain 
strains produce a definite type of endocarditis Both Libman and 
Kinsella^® found that the blood of patients having subacute bacterial 
endocarditis had agglutinins and complement-fixing bodies for homolo- 
gous strains of nonhemolytic streptococci isolated from the blood They 

34 Curschman Munch en med Wchnschr 69 419, 1922 

35 Kmsella, R A Streptococcus Endocarditis, Arch Int Med 19 367 
(March) 1917 
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found that this was not true m cases of rheumatic endocarditis in which 
streptococci were found in the blood Kinsella found no biologic or 
immunologic constancy between strains isolated from different cases of 
subacute bacterial endocarditis 

In our 220 cases, there are only seventy-one in which there is a 
bacteriologic report (Table 8) In forty-six of these, positive bacterio- 
logic findings are given A negative report is given in twenty-five 
Thirty of the seventy-one cases reported are classified as subacute 
bacterial endocarditis, and positive findings were obtained m twenty- 
two Sir eptococcns viudans was found ten times. Streptococcus 
hcmolyhcus eight times, the staphylococcus twice, and the pneumoctus 
once While this might suggest that Sti eptococcns hemolyticus fre- 
quently produces subacute bacterial endocarditis, it is necessary to 
take into consideration that in every case but one the organism was 
isolated fiom the heart blood at neciopsy It has been our experience 
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that the frequency of SU eptococcns hemolyticus as an agonal invader 
is much greater than that of Sti eptococcns viudans The one case with 
antemortem findings gave a history of middle ear infection previous to 
the heart trouble Four of the thirteen cases of hearts with old healed 
valves gave positive bacteiial findings in a blood cultuie One contained 
Sti eptococcns viridans, two Sti eptococcxis hemolyticus and one 
Staphylococcus aniens In the primary and secondai}’’ acute forms, 
Sti eptococcns hemolyticus was present more frequently In the acute 
rheumatic forms. Streptococcus viridans was found once and the pneu- 
mococcus once While our bacterial findings are not extensive enough 
to merit definite conclusions, it is suggested, as Murray and Cuischman 
reported, that Sti eptococcns hemolyticus may not be an uncommon 
etiologic factor in producing the subacute bacterial endocarditis and 
that It IS the usual organism pioducing the acute types It is likely that 
the virulence of the organism rather than the kind determines the course 
that the vegetatn e endocarditis will take 
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CAUSE OF DEATH 

There seems to be a rather general agreement with Horder that 
in the major part of the course of subacute bacterial endocai ditis, 
cardiac symptoms are not conspicuous He found death occuirmg from 
toxemia, from heart failure, from uremia or from cerebral or coronary 
embolism While cardiac symptoms ma> not be common early m the 
course of the disease, at death evidences of cardiac failure are con- 
spicuous findings In this series evidence of cardiac failure, as mani- 
fested by edema m its various forms and passive congestion of the liver, 
is common (Table 9) In fifty-nine (82 per cent ) of the seventy-two 
cases of subacute bacterial endocarditis, edema was present (as edema 
seen externally) as hydrothorax, hyper icardium or ascites It was 
present in forty-seven (73 per cent ) of the cases with old healed valves, 
in sixteen (37 per cent ) of the secondary acute bacterial cases, m six 
(35 per cent ) of the acute bacterial cases and in four (44 per cent ) of 

Table 9 — Evidence of Cardiac Failui e 
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the cases of acute rheumatic endocarditis The lowest incidence is 
found in acute cases Passive hyperemia of the liver was present in 
a higher percentage in all the classes than was edema Infarction of 
the lungs was not an uncommon finding 

Various causes of death were evident in the subacute bacterial class 
as cardiac failure, sepsis, cerebral embolism, bronchopneumonia and 
lobar pneumonia, but by far the most frequent cause was cardiac 
failure This condition was not infrequently complicated with other 
causes In the cases with old healed valves the only cause of death 
worthy of note was cardiac failure In the secondary acute bacterial 
cases the causes were more varied, as cardiac failure, sepsis, accident, 
miliary tuberculosis, carcinoma of different parts, bronchopneumonia 
and lobar pneumonia, starvation, chronic pulmonary tuberculosis, 
peiitomtis, pericarditis, acute poliomyelitis, pernicious anemia, diabetes, 
myelogenous leukemia and Addison's disease Chief among these causes 
IS sepsis In the acute bacteiial class, as m the subacute bacterial, cardiac 
failure as a cause of death predominated Cardiac failure and pericar- 
•ditis rank as the chief causes of death in cases of acute rheumatic endo- 
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carditis It is obvious that, while various conditions produce death m 
endocarditis, cardiac failuie is the common condition which directly 
or indirectly results in death 

In the analysis of these 220 hearts, two main conditions are met 
the actively inflamed valves and the healed thickened valves with their 
associated patholog}'- The active progressive cases may be placed in 
two groups which apparently are differentiated by practically all tests 
applied The first is the simple or verrucous endocarditis (rheumatic 
endocarditis), and the second, with the more villous lesion of the valves, 
might be included in the term bacterial endocarditis These two forms 
not only differ pathologically, but they also seem to be separated chm- 
cally The former is practically always associated with acute rheumatic 
fever or chorea and occurs as a primary infection rather early in life 
It IS characterized by smallj rounded and smooth vegetations which are 
apparently a result of proliferative inflammation Bacteria are not 
found m the vegetations In practically all cases there is an immediate 
association with pericarditis and myocarditis In the latter a special 
form of inflammatory reaction (Aschoff nodules) is practically always 
found Embolic processes, because of the firmness of the vegetations, 
do not occur The lesions are confined to the valvular endocardium 
The valves, once injured, become more susceptible to reinfection with 
the same virus or with bacteria, usually streptococci The spleen may 
be moderately enlarged This type is seldom fatal at the time of the 
active process In the few cases in which it does prove fatal the causes 
of death are usually cardiac failure and pericarditis It is the usual 
cause of the thickened healed valves which later in life commonly result 
in death from cardiac decompensation Not infrequently the healing 
of bacterial endocaiditis leaves a deformed thickened valve 

The second group cannot be divided into subgroups as easily 
pathologically as it can clinically Its vegetations are large, friable, 
generally filled with bacteria and tend to spread to the mural endo- 
cardium, depending on the duration of the process Myocarditis and 
pericarditis are rarely associated with this group Embolic processes 
are common Embolic glomerulonephritis occurs in cases with a slow 
process Previous attacks of rheumatism with rheumatic endocarditis 
greatly predispose to this form Death usually results from cardiac 
failure Since bacteria are generally found in the blood and on the 
valves. It seems advisable to use the etiologic basis for classification and 
call this form bacterial endocarditis The clinical terms acute and sub- 
acute bacterial endocarditis are valuable, for they include the duration 
and the etiology, the chief factors concerned m interpreting endocarditis 
The acute bacterial form may further be divided into pnmary and 
secondary acute endocarditis depending on whether it develops indepen- 
dently or as a result of some definite focus of infection Since ulcera- 
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tion of tlie valves is not common, the term ulceiative endocarditis is 
misleading It would seem that the clinical terms subacute and acute 
bacterial endocarditis would be the most useful for the present, until 
the etiology of rheumatic endocarditis is definitely established The 
terms endocarditis lenta and slow endocarditis have a climcal significance 
and a meaning similar to subacute bactenal endocarditis Confusion 
may be avoided by using the term endocarditis for the active processes 
and defective valves for the healed processes 

CONCLUSIONS 

Death occurring from cardiac failure before the age of 40 is prac- 
tically always a result of valvular injury The injury may be an acute 
process or a healed thickened condition resulting from a previous 
valvulitis 

Endocarditis associated immediately with acute rheumatism (rheu- 
matic endocarditis) seldom causes immediate death When in rare 
cases death does occur, it usually results from pericarditis and cardiac 
failure 

Embolic processes are common in all forms of bactenal endocarditis 
These processes are most frequent m the subacute bacterial form 
This probably can be accounted for by the longer duration Embolic 
processes do not seem to occur m acute rheumatic endocarditis 

Embolic glomerulonephritis is rarely found in any form of endo- 
carditis except m subacute bacterial endocarditis m which it occurs in a 
high percentage of cases Its occurrence seems to bear no direct 
relationship to other forms of embolic processes The chief factor 
determining its presence seems to be the presence of organisms of low 
virulence on the heart valves Streptococcus zni idans is the usual organ- 
ism, but the condition may be produced by SU eptococcus hemolyttcus 
The presence of embolic processes in cases with healed defective 
valves suggests that bacterial forms of endocarditis not infrequently 
heal, since in rheumatic endocarditis embolic processes are not found 
Splenic enlargement (to the extent of being palpable) associated 
with cardiac trouble generally indicates an active inflammatory condition 
of the valves rather than an enlargement from passive congestion 
The vegetations in acute and subacute bacterial endocarditis cannot 
be differentiated They are essentially thrombi The rheumatic vegeta- 
tions are easily differentiated from the bacterial They seem to be a 
condition resulting from a piohferative type of inflammation 

The active involvement of the auricular and ventricular endocardium 
rarely occurs except in subacute bacterial endocarditis This is prob- 
ably accounted for by the longer duration of the process in the subacute 
form 
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Valvular ulceration is not a common finding It occurs most tre- 
quently in the subacute bacterial class Apparently it never occurs in 
rheumatic endocarditis The term ulcerative endocarditis should not be 
used to indicate the presence of embolic processes, for the presence of 
embolic processes bears no direct relationship to ulcerated valves 
Previously injured valves are apparently more susceptible to infec- 
tion than normal valves In most cases they seem to have resulted from 
rheumatic infection, often recurrent and chronic, but they may be 
produced by the healing of bacterial infected valves 

Pericarditis is generally present in rheumatic endocarditis It is 
seldom found in bacterial endocarditis not preceded by a rheumatic 
infection 

Myocarditis is practically always associated with rheumatic endo- 
carditis but seldom occurs in the bacterial forms 

The presence of Aschoff nodules is apparently specific of a rheu- 
matic infection They may be found in the myocardium of cases ^vlth 
active bacterial valvulitis or m cases with healed defective valves when 
there has been a fairly recent previous attack of rheumatic carditis 
A rheumatic infection commonly precedes subacute bacterial endo- 
carditis and IS not infrequent m the other forms 

The finding of Sti cptococcus vmdans in the blood in a case of 
endocarditis indicates a subacute bacterial form The presence of 
Streptococcus hemolyticus or staphylococcus generally indicates an acute 
form of bacterial endocarditis, but by no means rules out the subacute 
form 

Whether a case of bacterial endocarditis will take an acute or sub- 
acute course depends on the virulence of the organism rather than on 
the kind 

The chief cause of death in endocaiditis is cardiac decompensation 
Apparently the two mam factors to keep in mind in interpreting 
variations in the findings in bacterial endocarditis are the duration of 
the process and the virulence of the organism producing the lesion 
The former seems to be dependent on the latter 



THE EFFECT OF CERTAIN PAST DISEASES ON 

VITAL CAPACITY-^ 

W P SHEPARD, BS, MD 

MINNEAPOLIS 

In seeking normal standards on which to base vital capacity 
readings, practically all investigators have found a consideiable per- 
centage of unexplained low leadings in persons supposed to be normal 
That there is a decided variation in the lung capacity of normal persons 
cannot be questioned, though lecent woik has tended to i educe this 
■variation by corrections for age, sex, weight, height, surface area, chest 
circumfeience, sitting height, etc In going over the vital capacity 
records lecently of 1,304 male university students selected at random, 
we ^ pointed out that many of the low readings could be accounted for 
on the basis of past or present diseases The present study was under- 
taken with a view to noting the effect of certain past intrathoracic dis- 
eases on the vital capacity Few, if any, of the series reported heieto- 
fore have been correlated with as complete a history and physical 
examination as was available in the series here reported 

The Student’s Health Service records of 1,517 male students com- 
prising the freshman class entering the University of Minnesota in the 
fall of 1922 were available The histones of these men were taken by 
medical students who filled out uniform blanks at the time of the 
entrance physical examinations The examinations were conducted by 
the combined staffs of the health service and physical education depart- 
ment (fifteen physicians and twelve nurses), augmented by sufficient 
medical students and clerks to do the routine recording Those students 
giving histones of epidemic influenza, pneumonia, pleurisy, pulmonaiy 
tubeiculosis or heart disease, and those who at the subsequent examina- 
tion showed physical signs of pleurisy, tuberculosis or organic heart dis- 
ease, were selected for special study Vital capacity readings were taken 
on all of the 1,517 students with a Sanborn water spirometei, a nurse 
and medical student especially instructed m the use of the machine being 
detailed to piocure readings Ample time was allowed each student to 
have the machine explained and to be given a minimum of three trials, 
the highest being recorded as his vital capacity Standing height and 

*From the Student’s Health Service and Department of Preventive Medicine 
and Public Health, Medical School, University of Minnesota 

*Read before the combined Lymanhurst and Parkview Sanatorium staffs, 
June 26, 1923 

1 Shepard, W P , and Myers, J A Journal-Lancet 43 14, 355 (July 15) 

1923 
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weight were measured with students stripped Sitting height was taken 
according to the method of Dreyer,^ with the students stripped Chest 
circumference was measured at the level of the fourth rib on deep 
inspiration and deep expiration, and the computed mean was used as 
recommended by Parmenter and Gray^ Surface area was computed 
from the height and weight according to the formulas of Du Bois and 
Du Bois ^ With these basic data, the vital capacity was reckoned in 
percentage of normal by the use of the tables of Myers,® and a deter- 
mination obtained according to (1) weight, (2) sitting height, (3) 
surface area and (4) chest circumference These four determinations 
were then averaged and this figure taken as the person’s vital capacity 
in percentage of normal 

Curves used m the figures for the usual distribution of vital 
capacities for male students were computed from the present series of 

Table 1 — Disi) ibution of Vital Capacity in Diseases Studied 

Percentage Epidemic Influenza Pneumonia PIcurisr Tuberculosis Cardiac 

formal v , « ^ , » , * , 


Vital 

Capacity 

Oases 

Per 

Cent 

Cases 

Per 

Cent 

Cases 

Per 

Cent 

Oases 

Per 

Cent 

Cases 

Per 

Cent 

Under 70 

0 

00 

0 

00 

0 

00 

0 

00 

0 

00 

71 to 75 

2 

06 

1 

05 

0 

00 

2 

10 0 

0 

00 

76 to 80 

7 

21 

6 

32 

3 

54 

2 

10 0 

0 

00 

SI to 85 

8 

24 

8 

42 

6 

100 

1 

50 

1 

71 

86 to 90 

18 

5 4 

14 

74 

8 

14 5 

6 

25 0 

3 

214 

91 to 95 

48 

14 4 

20 

13 8 

12 

218 

4 

20 0 

1 

71 

96 to lOO 

62 

180 

41 

217 

7 

127 

3 

100 

0 

00 

101 to 105 

67 

201 

31 

16 4 

6 

10 9 

1 

50 

2 

14 3 

106 to 110 

36 

10 8 

31 

16 4 

6 

10 9 

0 

00 

3 

214 

111 to 115 

44 

18 2 

17 

89 

2 

36 

1 

50 

4 

286 

116 to 120 

26 

78 

9 

48 

4 

73 

2 

10 0 

0 

00 

Over 120 

15 

4 5 

5 

20 

1 

1 9 

0 

00 

0 

00 

Totals 

333 

999 

189 

999 

55 

999 

20 

100 0 

14 

999 


1,517 and the previous series of 1,304, a total of 2,821 These vary 
slightly from the distribution reported by Hewlett and Jackson ® and 
Myers and Myers ^ for male college students 

In each disease studied the distribution of vital capacities in both 
number of cases and percentage is shown in Table 1 The percentage 
of normal vital capacity in the first column is the average of the four 
determinations as described above The number of cases under each 


2 Dreyer, J, and Hanson, J F The Assessment of Physical Fitness, 
New York, Paul B Hoeber, 1921 

3 Parmenter, D C, and Gray, Horace Chest Measurement as a Gage of 
Body Weight, J A M A 79 26, 2159 (Dec 23) 1922 

4 Du Bois, D , and Du Bois, E F A Formula to Estimate Approximate 
Surface Area if Height and Weight Be Known, Arch Int Med 17 863 (June) 
1916 

5 Myers, J A A Method for Quickly Obtaining the Percentage of an 
Individual’s Theoretical Normal Vital Capacity of the Lungs, Am Rev Tuber- 
culosis 7 161 (May) 1923 

6 Hewlett, A W, and Jackson, N R The Vital Capacity m a Group of 
College Students, Arch Int Med 29 515 (April) 1922 

7 Myers, J A, and Myers, Frank J Journal-Lancet 43 276 (June 1) 194,5 
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heading having Mtal capacities from 81 to 85 pei cent of normal, 86 
to 90 per cent , 91 to 95 per cent , etc , is listed opposite the appropriate 
heading The incidence percentage of the various vital capacities is 
then shown in the column beside the numbei of cases 

A curve is prepared for each of the diseases studied on which the 
normal distribution of vital capacities computed from a total of 2,821 
male students is shown m a heai'}^ black line Supenmposed on this 
curve IS the distribution of vital capacities in the particular disease 
group under consideration, shown by a light black line The ordinate 
in each figure represents the incidence percentage of the various vital 
capacities, as shown m Table 1 The abscissa in each figure represents 
the vital capacities averaged and expressed in peicentage of normal, as 
shown in the first column of Table 1 With this arrangement, it will be 
seen that any agent tending to dimmish Mtal capacity will lesult m a 
lowering of the height of the distribution curve and in a shifting of the 
curve to the left To illustrate the relative amounts of reduction m 
each of these diseases, the areas between curves are shaded whenever 
the disease cur\ e is either lowered or shifted to the left Roughly, then, 
the amount of reduction of vital capacity in a group of students giving 
histones of influenza, pneumonia, pleurisy, etc , may be estimated by 
the size of the area which is shaded 

INFLUENZA 

In Mew of the f requeue} of pulmonaiy complications incident to the 
epidemic influenza of 1918 and 1919, and since many of these patients 
were unable to procure adequate medical attention and did not know 
whether or not pneumonia developed, this group was included for study 
Only those who gave a history of influenza between 1917 and 1920 
were considered These numbered 333 cases out of the total of 1 517 
The vital capacities of this group are listed in Table 1 and compared 
to the noimal distribution in Chart 1 It will be seen that there is a 
slight lowering and shifting to the left of the influenza cur\ e, indicating 
a slight reduction in vital capacity in the group as a whole The signifi- 
cance of so slight a reduction may well be questioned as being within 
the limits of error of the method employed 

PNEUMONIA 

There were 189 students who gaAe histones of pneumonia Unfortu- 
nately, no differentiation could be made between lobar pneumonia and 
bronchopneumonia, and nothing was known of the sca enty of the dis- 
ease The age of the pei son at the time of the attack was given in each 
case The vital capacities of this group are listed in Table 1 and 
illustrated in comparison to the normal m Chart 2 Here again, theie 
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Chart 1 — Remaining effect of epidemic influenza on vital capacity (333 cases). 



Chart 2 — Remaining effect of pneumonia on vital capacity (189 cases). 



65 90 95 100 105 110 115 120 125 130 135 
Percent, of Normal Vitel Capacity 

Chart 3— Remaining effect of pleurisy on vital capacity (fifty-five cases). 
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IS a slight but definite lowering of the curve and a shifting to the left, 
a little more marked m this group than m the influenza series The 
size of the shaded area is somewhat increased m this over that of the 
influenza figure Here, again, the reduction is so slight as to be of 
questionable significance 

Recent studies by Stewart and Sheets,® Wilson and Edwards ® and 
Emerson and Green have attracted attention to the vital capacities of 
children m health and disease Appaiently no special study was made of 
pneumonia Several students in the present series were observed who 
had a low vital capacity without demonstrable cause even after repeated 
physical examinations over a period of several months The only factor 
common to all these students was that they had had severe pneumonia 
at ages below 5 years For this reason this entire group was analyzed 
from the standpoint of age at which pneumonia was conti acted. 


Table 2 — Effect of Age When Pei son Had Pneumonia on Vital Cafacitv 




Oases 

Percentage 


Total 

Below 90% 

Below 


Cases 

of Normal 

Normal 

Pneumonia under age 2 

29 

5 

17 2 

Pneumonia betivcen ages of 2 to 5 

44 

2 

45 

Pneumonia between ages of 5 to 10 

49 

8 

16 6 

Pneumonia between ages of 10 to 20 

67 

10 

15 0 


Results are shown in Table 2 m which it is seen that there is apparently 
a slight increase in the number of low vital capacity readings when 
pneumonia was contracted at earlier ages, but the difference is slight 

PLEURISY 

In considering pleurisy, only those who gave definite histones of 
severe attacks or repeated mild attacks or those who showed physical 
signs of pleurisy on physical examination were considered These 
numbered fifty-five out of the total of 1,517 The vital capacities are 
listed in Table 1 and illustrated in comparison to the normal in Chart 3 
This IS the first figuie that shows a definite reduction in vital capacity 
of the group as a whole There is a marked lowering of the height of 
the curve and a shifting to the left The shaded area is considerably 
increased over that in the preceding two charts 

8 Stewart, C A, and Sheets, O B The Value of the Determination of 
Vital Capacity of the Lungs m the Diagnosis and Prognosis of Pulmonary 
Tuberculosis in Children, Journal-Lancet 42 253 (May IS) 1922 Stewart. 
C A The Vital Capacity of the Lungs of Children m Health and Disease. 
Am J Dis Child 24 451 (Dec ) 1922 

9 Wilson, May J , and Edwards, D J Standards for Normal Vital 
Capacity for Children, the Lung Capacity in Certain Intrathoracic Conditions 
Am J Dis Child 22 443 (MajO 1921 

10 Emerson, P W, and Green, H Vital Capacity of the Lungs of Chil- 
dren, Am J Dis Child 22 202 (March) 1921 
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TUBERCULOSIS 

Only cases in which there was a history of a diagnosis of tubercu- 
losis together with prolonged sanatorium treatment or in which there 
were physical signs together with a history of a previous diagnosis were 
considered Twenty such cases were found The lung capacities are 
recorded in Table 1 and illustrated in Chart 4 So far as could be 
determined by entrance examination and subsequent observation, all 
cases were arrested While the total number is small, the curve indi- 
cated a marked reduction m lung capacity of the group as a whole 
These findings are m accord with those of Dreyer,^’- Myers, Wilson 
and Edwards,® Stewart and Sheets,® all of whom find a reduction in 
vital capacity m tuberculosis 

HEART DISEASE 

Only those persons who ga\e a histoiy of heart disease with 
decompensation or who showed definite physical signs of organic disease 
together with some impairment of their physical condition were con- 
sidered The total was fourteen cases Here again the series is small, 
but there is a definite lowering of vital capacity, as shown m Table 1 
and Chart 5 All cases were apparentl} compensated at the time of 
examination and through six months’ subsequent observation This is 
contributory to the findings of Lattimore,^® Ulrich and Nathanson,^^ 
who have studied vital capacity m various caidiac conditions 

CONCLUSIONS 

1 Vital capacity is studied in 611 male university students who 
gave histories of influenza, pneumonia, pleurisy, pulmonary tuberculosis 
oi heart disease These are compared to vital capacity readings in 
2,821 male students 

2 Each person’s vital capacity is computed by averaging four 
determinations, namely weight, sitting height, surface area and chest 
circumference The result is expressed as percentage of normal 

3 Influenza and pneumonia appear to lower the vital capacity of a 
large group, although the change is slight 

11 Dreyer, G, and Burrell, L S T Vital Capacity Constants Applied 
to Pulmonary Tuberculosis, Lancet 2 374 (Aug ) 1922 

12 Myers, J A A Comparison of Vital Capacity Readings and X-Ray 
Findings in Pulmonary Tuberculosis, Tr 17th Annual Meeting of National 
Tuberculosis Assn, 1922, p 136 

13 Lattimore, Ralston Vital Capacity Readings, Tr Med Assn of Georgia, 
74th Annual Meeting, May, 1923, abstr, J A M A 80 1540 (May 26) 1923 

14 Ulrich, H L, and Nathanson, M H The Vital Capacity of the Lungs 
in Cardiac Disease, Minnesota Med 4 721 (Dec ) 1921 , The Vital Capacity 
of the Lungs m Cardiac Disease, to be published 
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Percent of Normal Vifel Capacity 


Chart 4 — Remaining effect of pulmonary tuberculosis on vital capacity 


twenty cases) 



Percent of Normal Vital Capacity 


Chart S— Remaining effect of cardiac disease on vital capacity (fourteen 
cases) 
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4 Pneumonia vanes but slightly in its effect on the vital capacity, 
according to the age contracted 

5 When pleurisy, pulmonary tuberculosis or organic heait disease 
is included among the past diseases of a group of persons, there is 
apparently a definite and probably a permanent lowering of the vital 
capacity of that group as a whole 



PROPERTIES OF YOUNG ERYTHROCYTES IN RELA- 
TION TO AGGLUTINATION AND THEIR BEHAVIOR 
IN HEMORRHAGE AND TRANSFUSION-* 

RAPHAEL ISAACS, MD 

BOSTON 

In lepeating the work of Ashby.^ while studying the length of life 
of red blood corpuscles by the transfusion and agglutination method, it 
was found that in many patients more than 1 per cent of their i ed cells 
could not be agglutinated by serums, even before transfusion The cells 
which did not agglutinate were found to consist of reticulocytes, noi mo- 
blasts and cells with various types of “inclusion granules ” The nature 
of these cells and then behavior under various conditions was studied m 
fifteen patients with various types of anemias m the wards of the Peter 
Bent Brigham Hospital, ten dogs and 130 normal peisons 

The method of Ashby is based on the fact that the cells of Type II 
patients who have been transfused with Type IV (Moss) blood can 
be subsequently separated by agglutination with Type IV serum, which 
leaves the Type IV cells free Under such conditions normal, non- 
transfused persons will have all of then cells agglutinated with the 
exception of about 20,000 to 50,000 per cubic millimeter, which remain 
free Deducting this amount from the free cells of the transfused 
patient Ashby, and more recently Wearn, Warren and Ames,^ studied 
the blood of patients with various types of diseases, and found that, 
after transfusion, the minimum of 1 per cent not agglutinated was not 
reached until from fifty-nine to 113 days, with an aveiage of eighty- 
three days 

MATERIALS AND METHODS 

The dog was found to be a suitable animal for expeiimental 
purposes Ottenbeig, Kaliski and Fiiedman ^ showed that dogs 
possessed iso-agglutinins and isohemolysms Observations were also 
made on transfused and nontransfused human patients of different 

'This paper is No 31 of a series of papers on the physiology and pathology 
of the blood from the Harvard Medical School and Allied Hospitals, a part of 
the expense of which has been defrayed by a grant from the Proctor Fund for 
the Study of Chronic Disease 

1 Ashby, Winifred The Determination of the Length of Life of Trans- 
fused Corpuscles in Man, J Exper Med 29 267 (March) 1919 

2 Wearn, Joseph T , Warren, Sylvia, and Ames, Olivia The Length of Life 
of Transfused Erythrocytes m Patients with Primary and Secondary Anaemia, 
Arch Int Med 29 527 (April) 1922 

3 Ottenberg, R , Kahski, D J , and Friedman, S S Experimental Agglu- 
tinative and Hemolytic Transfusions, J M Res 23 141 (May) 1913 
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types, as well as on normal human beings The blood of a group of ten 
dogs was matched, the corpuscles, serum and plasma of each being com- 
pared with serum, plasma and corpuscles of all the series No effort 
was made to study type groups, although cases were found to corre- 
spond in their behavior to the four human groups, with an additional 
type in Avhich two dogs would be mutually compatible (serum and 
corpuscles against corpuscles and serum) and thus apparently identical, 
but a third dog could be found whose serum agglutinated the corpuscles 
of one, but not the other Dogs of this type, when transfused, w^ere 
likely to have their type change suddenly after the tiansfusion, either 
to the type of the donor or to another type Ottenberg, Kaliski and 
Fiiedman ^ noted similar changes of type in dogs An effort was made 
to use dogs wdiose breed was fairly similar, although pure, pedigreed 
strains were not used 

The method of counting unagglutinated cells was originally that of 
Ashby, later modified to overcome some technical difficulties The 
blood was taken fiom a razor cut at the base of the ear, at the same 
time of the day and before the dogs had any food or drink United 
States Bureau of Standards pipets and slides were used to calibrate 
the apparatus used Serum was stored in ampules made of glass tubing 
having a diameter of about 5 mm , and kept in a cold room (4 degrees) 
when not in use The same serum was used throughout most of the 
parallel experiments, and new serums w^ere checked up by comparison 
with the old It was found that serum kept best when it w^as placed 
in larger ampules made of haid glass test tubes When tubes are 
freshly drawn out in a flame, the inside becomes coated with a soluble 
base which makes the serum alkaline It is necessary to wash this out 
and dry the tube If alcohol or ether is used for drying, it must be 
thoroughly removed as tiaces dissolved m the serum hasten hemolysis 
when coipuscles are added 

In making the serum, blood was diawn into centrifuge tubes and 
centrifugahzation at high speed was started before clotting took place 
The corpuscles were separated, and on clotting a water-clear serum was 
obtained Hemolysis takes place easily in dog's blood, and it was found 
necessary to separate the corpuscles quickly Hemoglobin in the serum 
did not appear to influence the agglutination, but it was avoided in order 
to have the known factors as nearly similar as possible in different sets 
of serums 

Ashby’s original method is, briefly, as follows The blood of the 
recipient is drawn to the 0 5 mark in a leukocyte counting pipet, and is 
diluted to the 11 mark with 1 part of Group IV (Moss) seium in 20 
parts of a 44 per cent solution of sodium citrate After thorough 
mixing, the contents are expelled into a small test tube and incubated 
for forty minutes at 37 C , with thorough shaking every ten minutes 
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The test tube is then placed in the icebox over night In the morning 
the mixture is shaken, and a drop transferred to the hemocytometer 
slide, and the free cells counted 

We found it necessary to modify this method for dogs as hemolysis 
set in after from three and one-half to four hours under the conditions 
of our experiments It was also noted, in the case of human blood, 
that after shaking the test tube and pouring out the blood, many of the 
single, free corpuscles remained adherent to the test tube, as shown by 
examination of the tube under the microscope The agglutination in 
dogs IS much weaker than in human blood, and the clumps of cells are 
more easily disturbed by shaking 

The following method was then devised Blood from the patient or 
animal was drawn up to the 0 5 mark in a leukocyte counting pipet, 
and diluted to the 1 1 mark with a 0 85 per cent sodium chlorid solution 
in distilled water, containing also 0 2 per cent sodium citrate The first 
drop was blown out after thorough shaking, and the rest expelled into 
a small vial containing a glass bead A red cell counting pipet having 
an accurately graduated stem was then selected, and the freshly shaken 
blood was drawn up to the 0 2 mark Agglutinating serum was then 
drawn in until the solutions reached the 1 mark of the stem This was 
then expelled on the table of a round moat type of hemocytometer slide, 
stirred with a glass rod (avoiding scratching of the ruled lines) and a 
grease-free cover applied This was then kept in a moist chamber at 
from 18 to 22 C and counts of nonagglutmated cells were made from 
time to time as in^making an ordinary blood count A duplicate set 
was always made The serum was so chosen that it agglutinated the 
recipient’s cells (when the patient or animal was transfused) but had 
no agglutinating effect on the donor’s corpuscles 

The dilution of 2 parts diluted blood (1 20) to 8 parts of serum 
was chosen after many tests of vaiying dilutions, because this gives just 
enough cells to about cover the hemocytometer table (with a count of 
5 million) without crowding In the older method there was always a 
question of cells mechanically covered by clumps In some experiments 
the cover was raised at intervals and the contents stirred It was found, 
however, that the cells had enough motility to entei the clump forma- 
tion without stirring In control slides with a nonagglutinating serum 
and with the sahne-citrate solution and serum there was no tendency 
to clump even after hours The dilution error could be kept within 
1 to 2 per cent by this method 

Experiments were conducted to note the effect of varying hydrogen- 
ion concentrations It was found that the buffering properties of the 
serum took care of all the probable vanations of this technic Serum 
made acid increased the rate of hemolysis, but agglutination was not 
more complete 
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Temperatuie was found to vaiy the rate of hemolysis, so that if too 
warm, hemolysis set in before agglutination was complete At the 
lower temperatures hemolysis was delayed, and the maximum agglutina- 
tion was reached Hemolysis and agglutination proceeded independently 
of each other In dog’s blood at temperatures above 22 C it was found 
that hemolysis began before agglutination was complete under the con- 
ditions of these expeiiments 

Undei these conditions, with the calcium bound by citrate in the 
diluted corpuscles, and with the traces of the animal’s own plasma in 
the coipuscle suspension, the maximum agglutination with dog’s blood 
was reached m fiom two and one-half to three and one-half hours at 
from 18 to 20 C and in human beings m from twenty to twenty-four 
hours, a slight change taking place during the succeeding twenty-four 
hours 

The quantitative data concerning the rate of agglutination undei the 
varying conditions aie published separately 

Contact hemolysis (with glass) was avoided in this method by the 
protective action of the original and added serum, as demonstrated by 
Fenn * Rouleau foimation was a source of trouble with some serums 
If a dog was transfused with a second dog’s blood, and the serum 
of the second used to agglutinate the corpuscles of the first m sub- 
sequent examinations (as using a Type IV [Moss] serum to agglutinate 
Type II corpuscles m the man) the donors’ corpuscles, meeting their 
own seium, foimed rouleaux Such cases could not be used for these 
data Howerer, the continued formation of rouleaux under these 
conditions gave a clue as to the survival of the donor’s corpuscles, and 
they were not recognized after the third or fourth day by this method 
Rouleau formation and agglutination may be seen simultaneously in 
prepaiations of blood from transfused patients or animals 

Experiments using serum from the same dog instead of saline 
solution for dilution showed little difference in the end-result, with the 
disadvantage of rouleau formation, which frequently took place in the 
serum In dogs whose “type” changed after a transfusion, the serum 
or plasma, saved fiom blood taken before the transfusion, agglutinated 
the cells and thus could not be used for diluting purposes This 
agglutination was not so complete as with a foreign serum 

To avoid the addition of any saline solutions or of sodium citrate, 
experiments wei e carried out using blood defibrmated with glass beads 
This was soon found to be unsuitable, as there is a “selective” factor 
in which some of the cells (young forms) were not included in the 

4 Fenn, Wallace O Hemolysis of Erythrocytes m Contact with Glass, 
J Exper Med 35 271 (Feb ) 1922 
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strands of clot, whereas man}' mature forms were thus i emoted, pio- 
duang a difference m the composition of the lemainmg cells 

Washed corpuscles were unsatisfactor} in the dog, as hemolysis 
sets in quickly in dog’s blood, and the relative composition (number of 
different types of led cells) was then changed 

Blood for transfusion m dogs was taken from the jugular vein and 
made to 0 2 pei cent sodium citrate, usually with the crystals, or in a 
few experiments with a 10 per cent aqueous solution Citration was 
used on the dog’s blood, as this was the method used with the patients 
Washed corpuscles were used in one experiment and the lesults com- 
pared with the vhole blood The blood was transfused through the 
jugular vein in the dogs, no anesthetic being used, as the dogs ^^ere very 
quiet and did not seem to be disturbed by the procedures In making 
the dail) counts, the dogs soon learned to jump on to the table and 
assume the proper position of their own accord 

It was soon found tliat after maximum agglutination of many 
patients’ and some dogs’ blood had been reached, there were often a 
great number of fiee, nonagglutmated cells, exceeding the 1 per cent 
set as the normal by Ashb) for human blood All variations in technic 
were tried, and the peicentage still remained high m nontransfused 
persons The problem of the cells which would not agglutinate vas 
then studied 

It was first noted that m bloods containing many reticulated red 
cells, the nonagglutinable cell number was greater than m bloods con- 
taining fewer of these cells Quantitative studies weie then staited, 
comparing the numbei of cells which would not agglutinate with the 
number of reticulated cells The latter were counted in smears vitall} 
stained with cresyl blue and counterstained witli Wright’s stain using 
the details gn en by Cunningham ® Usually 1,000 cells were counted, 
occasionally more (10,000) A close correspondence was noted in 
the two figures, in spite of the many sources of eiior in these methods 
With the reticulated cells, stippled cells, cells showing othei basophilic 
phenomena and cells showing large intracellular, refractive granules 
were studied 

c 

Intracellular granules of four types were diftei entiated in the led 
cells of human and dog’s blood, in blood showing evidences of 
regeneration 

1 Brilliant, highly refractive large granules. In cresyl blue- Wright 
preparations they appeared black when the cell was in focus, and as 
a pink arcle when the cell was out of focus The granules may be 
confused with oil droplets and highly refractile debris, but these sub- 

5 Cunningham T Donald A. Method for the Permanent Staining oi 
Reticulated Cells, Arch Int Aled 26 405 (Oct ) 1920 
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stances, being on the surface, appeared retractile when the cell was in 
focus and black when the cell was not in focus There was usually 
one to a cell, occasionally two They were located either within the 
body of the cell oi at its edge They were frequently recognized free 
in the plasma in the fresh blood, or as a highly retractile granule within 
the corpuscles When on the periphery the granule would adhere to 
any surface that it touched, giving rise to pear-shaped forms when the 
granule was single, and spindle-shaped forms when two granules were 
present, especially in fixed smears The process could be followed in 
fresh preparations, sealed with petrolatum The granules are much 
smaller than platelets, and are easily differentiated by their nonstaining 
qualities and high refractivity With cresyl blue in the fresh, they have 
a pink reflex The gianules could be mashed from the cells and retained 
their identity in the serum These granules are about the size of the 
granules of eosinophil leukocytes, sometimes slightly smaller Cells 
containing these gianules were among the last to hemolyze They 
frequently showed diffuse basophilia The granules were recognized 
in vitally stained normoblasts and in reticulated cells In the normo- 
blast they have a position by the nucleus suggesting a centrosome-hke 
body or more nearly the centrosphere Occasionally, in fresh prepara- 
tions containing a few granules of brilliant cresyl blue, some of the 
bodies were recognized attached to the red cell by a thin pellicle, which, 
from its wrinkled character, showed it to be a membrane around the 
whole red cell, with the intact red cell inside, but separate from the 
refractive granule This membrane stained heavily with eosin The 
occurrence of these granules suggests young cells rather than degenera- 
tive cells Smears of bone marrow from a young dog showed the 
refractive granules in 40 per cent of the red cells They were prac- 
tically always present in normal blood (less than 1 pel cent ) Pepper ® 
described granules which apparently corresponded to these, in rabbits’ 
blood, but noted them only after standing from twenty-four to foity- 
eight houis In the fresh preparations the granules may be confused 
with the “knobs” of creUated cells The “capsule-bodies” described by 
Schilhng-Toigau in the guinea-pig have some of the charactenstics 
of these refractive granules, although in human and dog blood the 
structures are smaller than he has pictured the capsule bodies He con- 
siders them related to the Ehrhch-Heinz bodies In our fresh prepara- 
tions it seemed evident that the refractive granules were inside the cell 

6 Pepper, O H Perry Observations on the Vitally Stamable Retncu- 
lation and Chromatic Granules in Erj'throcytes Preserved in Vitro, Arch Int 
Med 30 801 (Dec ) 1922 

7 Schilling-Torgau, V Arbeiten uber Erythrozyten IV Kapselkoper, 
Pseudonukleoide, Innenkorper usw , sowie die Zentralkornchen Gruppe in 
Saugetiererythrozyten, Folia Haematologica, Arch Pt 1 14 129 (Nov) 1912 
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proper in the “youngest” cells, ahcl just underneath a limiting membrane 
at a later stage, and finally quite separated (attached only by a pellicle 
of this membrane) ultimatel)^ becoming dislodged and free The 
granules measured about 1 micron in diameter (in fixed preparations) 
Unlike the Howell- Jolly bodies, they show just as clearly in films stained 
only with eosm 

2 Similar refractile granules, but much smaller, frequently two or 
more to a cell, commonly on the periphery, although also found on the 
interior 

3 Granules as large as the first kind, but nonrefractile and staining 
blue with cresyl blue- Wright combination, usually single and in the 
interior of the cell, occasionally two 

4 Granules similar to the foregoing, but much smaller, and fre- 
quently two or more 

Owing to the confusion in the naming of intracellular particles in 
the erythrocytes, it seems wisest to call the granules of Type I highly 
refractive, intracellular granules, in recognition of their outstanding 
characteristic In some respects they can be identified with the Howell- 
Jolly ® bodies, with Heinz ® bodies, with the bodies described by 
Morris as nuclear particles, by Schmauch as “endoglobulare 
Korperchen” and by Schilling-Torgau ’’ as “capsule bodies ” These 
bodies, however, cannot be considered as taking any of the stains, as do 
the bodies described by these authors, although they appear colored 
because of the light reflex from their highly refractive substance, the 
tinge of color being determined by the surrounding color, sometimes 
similar, sometimes complementary In this respect they never suggest 
nuclear particles, having no reaction in common with the nucleus Their 
behavior in appeanng during certain stages of anemia resembles the 
granules described by the various authors (Howell, Schmauch) , their 
increase (at one stage) coincident with that of the basophilic granules 
in the red cells (Morris) is another point of similarity They differ in 
being found in normal blood Cells with refractile granules of Type I 
within their substance did not agglutinate The question whether these 
cells mature in the circulation was studied m vitro, but the complicating 
factor of crenation made both agglutination and staining experiments 
in dogs difficult and of no conclusive value In human blood there 
appeared to be a progressive increase m agglutination, reaching a 

8 Howell, W H The Life History of the Formed Elements of the Blood, 
Especially the Red Blood Corpuscles, J Morphol 4 100 duly) 1890 

9 Heinz, R Morphologische Verenderungen der rothen Blutkorperchen 
durch Gifte, Virchows Arch f path Anat 122 112 (Oct ) 1890 

10 Morris, Roger S Nuclear Particles in the Erythrocytes, Arch Int Med 
3 93 (March) 1909 

11 Schmauch, G Ueber endoglobulare Korperchen m den Erythrocyten der 
Katze, Virchows Arch f path Anat 156 201 (May) 1899 
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maximum when the mimbei which w^ that of the lefractive granule 
cells was reached, after two or three days This, at least, is suggestive 
that the cells with reticulum inside may change their properties with 
age, although, of course, these conditions are quite abnoimal 

Dogs that were given transfusions with corpuscles which could be 
separated by an agglutinating seium and patients who were transfused 
were followed, comparing the nonagglutmated cell count with the count 
of cells showing reticulation, nucleation and refractile bodies within the 
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Fig 1 — Showing rise in number of refractive granule red cells and temporary 
fall in number of reticulated red cells m comparison with the total nonagglu- 
tinable cells in a dog receiving 50 c c of compatible blood of a different agglu- 
tination type, without previous bleeding A secondary rise in young and m non- 
agglutinable cells after thirty-three days 


cell It was found that immediately after the transfusion (Figs 1, 4 
and 5) the total count of cells showing the reticulum fell, but the num- 
ber of young cells equaled the number of nonagglutmated cells within 
from two to four days, and ran parallel after this, so that further counts 
of nonagglutmated cells could no longer be considered as representing 
the donor’s cells The donor’s blood m most cases contained less than 
1 per cent of reticulated cells Dogs were then bled so that there was 
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a use in the nuinbei of young cells, a paiallel rise in both non- 
agglutinated and young cells was noted (Ffg 2) 

Pieparations were then made of nontransfused coipuscles and an 
agglutinating seiuni, and two senes were made — one for making counts 
of the progress of agglutination and the other for staining to determine 
the chaiactei of the nonagglutinated cells Figuie 3 shows that, while 
after twenty minutes onl) 3 per cent of the nonagglutinated cells 
showed diffuse basophilia, stippling, nuclei, leticulum and lefractile 



Fig- 2 — One of a series of dogs subjected to hemorrhage A temporaiy rise 
in the refractive granule red cells, until the supply is exhausted, is noted after 
the first hemorrhage, and inverse relation between the refractive granule red 
cells and reticulated red cells in hemorrhage and recovery is shown The 
nucleated red cells remained below 1 per cent The numerical relation between 
the “young” cells and the nonagglutinated cells is shown 

bodies within the cell, the proportion lose lapidly until finally 70 per 
cent of the nonagglutinated cells weie of this kind Aftei this period 
the reticulum stained as coaise gianules in wet preparations In other 
wolds, as the other cells were gradually drawn into the clumps, the 
cells with basophilic phenomena and refractile bodies remained free 
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The forms found corresponded to those of fresh preparations, and did 
not appear to be degenerative effects In making this test, it is essential 
to be sure that there is no rouleaux formation, as the reticulated cells 
are excluded from the rouleaux and give an almost similar picture 
Two human cases were apparent exceptions, in that, although the 
reticulated count was high, the agglutination was complete It was 
found that both patients had a large percentage of macrocytes and 
megaloblasts, and vital staining with cresyl blue showed that reticulated 



Fig 3 — One of a senes of analyses of the nonagglutinated cells with 
supravital staining with brilliant cresyl blue Twenty minutes after mixing 
the corpuscles of this dog with an agglutinating serum, 3 per cent of the red 
cells which were not yet agglutinated showed internal bodies of some kind 
After two hours, 70 per cent of the few cells which still remained free showed 
these structures 

macrocytes differ from reticulated normocytes in being included in the 
agglutinated clumps Cells in which the refractile bodies were at the 
periphery were sticky and adhered to the groups 

In normal blood from human beings and dogs, the number of non- 
agglutinable cells after twenty-four hours was around 1 per cent and 
ran fairly parallel to the number of cells showing reticulation and 
refractile bodies within the cell 
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The immediate effect of a tiansfusion of fiom 65 to 135 cc of 
blood m an 11 kilogram dog from a dog of the same type and the same 
Breed was an immediate increase in the refiactile granule cells and a 
decrease in the reticulated cells for one or two days, followed by a rise 
This was true whether the dogs were bled previously and transfused 
with the same amount oi were given the transfusion without previous 
bleeding (Fig 4) The drop in reticulocyte number was similar to 
that found by Vogel and McCurdy Robertson and by Krumbhaar 



Fig 4 — One of a series of dogs given transfusions with and without previous 
bleeding This dog was transfused with blood of the same agglutination type 
The relation of the reticulated red cells, the refractive granule red cells, the 
total young cells, the nonagglutinable cells and the total red count is shown 

and Chanutm^* in experimental plethora, but it occuried in animals 
which had been previously bled and theoretically were not plethoiic 
The sudden anemias developing in animals that have been previously 

12 Vogel, Karl M , and McCurdy, U F Blood Transfusion and Regenera- 
tion m Pernicious Anaemia, Arch Int Med 12 707 (Dec ) 1913 

13 Robertson, Oswald H The Effects of Experimental Plethora on Blood 
Production, J Exper Med 26 221 (Aug ) 1917 

14 Krumbhaar, E B , and Chanutm, Alfred Studies on Experimental 
Plethora in Dogs and Rabbits, J Exper Med 35 847 (June) 1922 
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repeatedly transfused (Robertson) was noted m one of our dogs 
between the twenty-ninth and thirty-second day after a single trans- 
fusion (Figl) In this case, 50 cc of blood were given to a dog 
weighing 9 kilogiams, without previously bleeding The rise in reticu- 
lated count, and incidentally in the nonagglutinated cells, is shown in 
Figure 1 The first part of this curve shows the response of the “young’' 
red cells when the bloods are compatible, but of different types, as when 
a Type II patient is transfused with a Type IV (Moss) blood 

The relation between the number of red cells not agglutinated, the 
number of cells showing only refractile granules and those cells showing 
a reticulum (many of which contained refractive granules) after hemor- 
rhage IS shown in Figure 2 This was a dog which was subjected to 
several hemorrhages, without replacement of fluid with salt solution, 
the number of red cells showing onl}' refractive granules first increased, 
then decreased, while the reticulocytes increased , but with improvement 
in the condition, the reticulocytes decreased with increase in the cells 
showing only refractive granules inside of the cell In our series of 
dogs, the mciease in normoblasts was slight during any of the experi- 
ments, being less than 1 pei cent 

Figure 5 shows the response of the immature cells in a case of 
secondary anemia (mitral stenosis, uterine fibroids) The patient. Type 
II, received 400 c c of Type IV (Moss) blood Just after the trans- 
fusion, the refractive granule red cells in the circulation increased in 
number, and began to decrease after the second day, when the reticu- 
lated cells began to increase in number The sum of the two types 
about equaled the number of the nonagglutinable cells on the fourth day, 
and ran fairly parallel after that Figure 5 also shows a case of 
pernicious anemia in which, after a transfusion of 650 c c , there was 
a fall in the number of reticulated cells in the peripheral circulation, 
accompanied by a temporary rise in the numbei of refractive granule 
red cells Here, also, the total number of immature cells equaled the 
number of nonagglutinable cells after the fourth day, and the numbers 
ran parallel after that The difference between the total number of 
young cells and total number of nonagglutinable cells duiing the first 
four days probably represents the foreign cells in the circulation The 
types of the nonagglutinated cells, in these and in the othei preparations, 
was determined by supravital staining with cresyl blue, and the 
examination of the wet preparation sealed with petrolatum 

In the case of pernicious anemia shown in Figure 5, the number of 
reticulated cells did not show much evidence of activity, although the 
fact that the total red cell count did not decrease shows that cells 
were being supplied to the circulation Evidently during the first eleven 
da 5 fs, in this case, the cells matured in the blood-forming organs before 
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they were dischaiged nito the circulation Latei the more immatuie 
cells started to come to the peiipheral blood 

In these piepaiations, the counts of the nonagglutmated cells were 
the maximum numbei not agglutinated This was determined by mak- 
ing repeated counts during the course of thiee or moie houis, and the 
maximum detei mined by direct observation 

The relative numbers of the different types of cells m the peripheral 
circulation was consideied as not being dependent on the total blood 



Fig 5 — Two of a senes of patients with anemia The curves represent 
individual cases, and the differences have probably no intrinsic significance in 
the differential diagnosis of the cause of the anemia 


^olunle, and tlie lattei was not determined m these experiments The 
diffeience in composition of the blood m diffeient parts of the body was 
not taken into account, as the data are comparative and represent 
capillary blood taken fiom the same region foi each obseivation 


COMMENT 

The fact that certain led cells — the forms classed as young cells— 
may not agglutinate with agglutinating serums accounts for the high 









206 


ARCHIVES OF INTERNAL MEDICINE 


counts obtained in some nontransfused persons It also means that the 
counts of cells (after the number of cells showing basophilic phenomena 
and refractive bodies within the cell has reached the number of non- 
agglutinable cells in a transfused patient) are of little value from the 
point of view of following the donor’s cells After from two to four 
days no defimte statement can be made as to the persistence of the 
donor’s cells The counts plotted out in these cases merely show the 
response of the patient in being able to produce young cells These cells 
frequently decreased as the patient’s blood count inci eased in from sev- 
eral weeks to three months m the cases reported Thus in Case B 
reported by Wearn, Warren and Ames,^ when the blood count reached 
4,556,000 (111 days after a transfusion) the percentage of nonagglu- 
tinable cells fell to 0 77 per cent 

These observations also ofter an explanation of the irregular curves 
obtained by Ashb}^,^^ and by Wearn, Warren and Ames ^ with rises 
and falls in the number of supposed donor’s cells, and explain the fact 
that after a Type II patient was transfused with Type II blood (Case 
A, Wearn, Warren and Ames) the nonagglutinable cells rose almost 
as high as when Type IV (Moss) cells weie given, using Type IV 
serum in both cases to agglutinate the cells (Fig 4. dog experiment) 
Ashby recognized the variation m the lesponse to agglutination in 
nontransfused persons, noting that the counts of “corpuscles lying 
between clumps is usually from 0 5 to 0 7 per cent of the total blood 
count, but It may var}’’ in different bloods from 0 03 to 3 4 pei cent ” 

It IS interesting to note the difference in the behavior of the reticu- 
lated macrocytes and megaloblasts and normocytes and normoblasts 
Another differential characteristic was pointed out by Morris and 
Thayer in the ability of the macrocytes to change their shapes 
The property of nonagglutination is, then, possessed in common by 
reticulated normocytes, normoblasts, stippled cells, cells with refractive 
bodies within the cell substance, and is a property of immature red 
cells The formation of pointed cells in smears from these cells 
indicates that all poikilocytosis does not indicate blood destruction, as 
these cells are among the last to hemolyze 

Key described reticulated cells of the rabbit as having a tendency 
to agglutinate with each other and to adhere to foreign bodies in the 
blood, particularly in oxalated blood in hypotonic salt solution He 

15 Ashby, Winifred The Periodicity in Eliminative Activity Shown by the 
Organism, J Exper Med 34 127 (Aug ) 1921 

16 Morris, Roger S , and Thayer, William S Amoeboid Movements in 
Macroc 3 d:es and Megaloblasts, Arch Int Med 8 581 (Nov ) 1911 

17 Key, J Albert Studies on Erythrocytes with Special Reference to 
Reticulum, Polychromatophilia and Mitochondria, Arch Int Med 28 Sll (Nov) 
1921 
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noted that the reticulated cells had a tendency to rise, being lighter 
than normal erythrocytes Toward agglutinating serum, however, the 
behavior appears to be different Whether the specific gravity factoi 
plays much of a part in this sepaiation is questionable 

The fact that there was little difference in the response of dogs 
which had been bled immediately befoie transfusion and those which 
were transfused without previous bleeding and in dogs in which the 
same or a different (but compatible) type of corpuscles were used 
suggests that the transfused cells last only a short time — a few da>s at 
the maximum, and that their rapid disappearance leaves the animal in 
a potentially anemic condition, “calling out” the production of young 
cells The “rest” which the marrow has had for a day, together with 
the impi oved conditions which the donor’s corpuscles bring about while 
they are present, enables the marrow to respond to a stimulus which, 
in anemic cases at least, was inadequate before The production of 
many young cells in animals having presumably the normal number of 
red cells suggests this view 

Boycott and Douglas and also C Drinker, K Drinker and Kieutz- 
mann have pointed out that following a hemorrhage in dogs there is 
a tendency to ovei -regeneration, with the eventual production of 
polycythemia As oui studies show that after transfusion the picture 
becomes much like that after hemorrhage, the “stimulating” effect of 
transfusions must piobably he in this factor 

In response to a “call” for young cells, either after transfusion or 
after hemorrhage, the first cells to be delivered are those containing the 
large refractive gianules, then the reticulated cells appear in increased 
amount As these contain refractive granules in many cases, the drop 
in the number of refractive gianule cells (Fig 2) is only apparent 
Finally, the nucleated red cells increase During recovery, the disap- 
pearance or reduction is in inverse order The cells containing only 
the refractive granules are then the final stage in the maturation of a 
red cell, and their number m the circulation is a fair indication of the 
rate of blood production during health (data published elsewhere), and 
their relative number is of prognostic importance in conditions of blood 
regeneration An increase in their number, with a decrease in the 
number of reticulocytes and normoblasts, indicates that conditions are 

18 Boycott, A E , and Douglas, C G On the Carbon Monoxide Method 
of Determining the Total Oxygen Capacity and Volume of Blood in Animals, 
with Some Experiments on Anaemia and Transfusion, T Path & Bacteriol 13 ’ 
275, 1909 

19 Drinker, Cecil K , Drinker, Katherine R , and Kreutzmann, Henrj A 
The Factors Concerned m the Appearance of Nucleated Red Blood Corpuscles 
in the Peripheral Blood II Influence of Procedures Designed to Increase the 
Rate of Blood Flow Through the Blood-Forming Organs— Hemorrhao-e and 
Infusion, J Exper Med 27 395 (March) 1918 
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returning to normal, whereas their decrease suggests that cells are 
being used befoie matuiity or that an aplastic condition is developing, 
if accompanied by a decrease in the more immature forms 

The resistance to agglutination is probably not due to absence of 
so-called agglutinogens but to a demonstrable membrane around the 
immature cell 

These findings are of practical interest in giving an additional 
laboiatory prognostic sign in hemorrhage and anemia and of indicating 
a possible source of error in assuming that bloods are compatible, 
whereas in reality the increase m young forms may be the cause of 
readings of weak agglutination or no agglutination when the com- 
patibility tests aie made under other than ideal conditions It is possible 
that some reactions, especially in subsequent transfusions, may have 
their origin in improper readings fiom this cause 

SUMMARY AND CONCLUSION 

For blood of man and dog 

1 Reticulated noi mocytes are not agglutinated by serums that affect 
the other red corpuscles 

2 Normoblasts and cells containing large highly refractive granules 
within the cell are not agglutinated 

3 The use of agglutination in recognizing the cells of a donor in a 
mixture of two bloods in a transfused patient is of little value after the 
number of young cells reaches the number of nonagglutinable cells, 
usually in from two to four days 

4 Reticulated macrocytes and megaloblasts do not follow the 
behavior of the reticulated normocytes toward agglutinating serums 

5 Nonagglutination is a property which is evidently common to 
immature red cells 

6 Cells showing highly refractile intracellulai granules are young 
cells Owing to the adhesive nature of the granules when they are 
peripheral, the cells frequently show pear-shaped or spindle-shaped 
forms in stained smears 

7 Cells showing only the refractive granules represent the final stage 
in the production of mature red cells, and their increase, with a decrease 
in reticulocytes after hemorrhage or hemolysis, indicates a return to 
normal, whereas their decrease, with an increase in the reticulocytes, 
IS indicative of the continuation of the effects of the disease process 

8 The resistance to agglutination is probably due to a demonstrable 
membrane around the immature cell 

9 After hemorrhage, the cells showing the large intracellular 
refractive granules are the first to be delivered into the circulation, 
then the reticulated cells (many of which contain, the granule), and 
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finally the nucleated led cells Disappearance during recoveiy is in the 
reverse order 

10 Aftei a transfusion, the process is similar, the effect being that 
of a potential hemorrhage 

11 The reduction of the number of leticulated cells immediately 
after a transfusion, with an increase in the number of cells showing the 
ref 1 active inti acellular granule, suggests that one of the temporary 
effects of a transfusion is to allow the forming red cells time to advance 
one step further m their process of developing into a mature cell The 
transfusion then does not depress the ei ythropoietic tissue, but tempo- 
rarily makes it more normal 



ALIMENTARY LEUKOCYTOSIS IN VARIOUS 
PATHOLOGIC CONDITIONS 

A FURTHER STUDY IN REFERENCE TO THE CRISE 
HEMOCLASIQUE OF WIDAL 

HENRY Af FEINBLA.TT, AID 

BROOKLYN 

This repoit is based on the use of the Widal test for hepatic insuffi- 
ciency in a group of fifty patients with miscellaneous conditions It 
lepresents the second phase of a study suggested to me by the state- 
ment by Widal, Abrami and lancovesco ^ in 1920 that leukopenia fol- 
lowing a standard protein meal is to be regarded as a delicate test for 
insufficiency of the livei 

The technic of the test proposed by Widal is simple The subject to 
be examined abstains completely from food for a period of at least 
five hours pieceding the test This detail is of great importance, as the 
ingestion of nitrogenous food, no matter how small the amount, inter- 
feres greatly with the reaction A leukocyte count is made, and then the 
subject drinks 200 gm of milk (a glass of milk, the exact amount not 
being essential) Subsequently, the leukocytes are counted at intervals 
of twenty minutes (the author uses half hour intervals) for a period of 
two hours Normally, there is a slight leukocytosis following the 
ingestion of the milk, and the count never falls below the piealimentary 
level The occuiience of postalimentai} leukopenia is considered 
pathologic and an evidence of hepatic insufficienc} This leukopenia 
when present, usually appeals in the fiist hour 

The piincipal experimental data on which Widal’s test is based 
include the production of a crise hemoclasique (1) by the injection of 
commercial peptone into the general circulation of a dog, (2) by the 
establishment of an anastomosis between the portal vein and the inferior 
vena cava of a dog duiing the digestive period, under which conditions 
no Cl ISIS occurs in unfed controls, and (3) by the introduction of blood 
from the portal vein of a dog during the height of the digestive period 
into the saphenous vein of the same animal The syndrome of the crise 
hemoclasique, which is attributed to an upset of the colloidal balance of 
the blood, is characterized by leukopenia, a fall of blood pressure, hyper- 
coagulabilit) , and a change in the refractive index of the serum The 

* From the Department of Internal Aledicine, Long Island College Hospital, 

Brooklyn, NY , ' j ,,, i 

1 Widal, F , Abrami, P , and lancovesco, N L Epreuve de 1 hemoclasie 
digestive dans I’etude de I’lnsuffisance hepatique, Presse med 28 893 (Dec 11) 
1920 
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most impoitant component of the reaction, and the one on which the 
clinical test is built, is the fall in the leukocyte count 

On the basis of his investigations, Widal formulated the hypothesis 
that one of the functions of the liver, the proteopexic function, is to 
ai 1 est the peptones, proteoses and other disintegrating protein substances 
found in the portal vein during the digestive period and to transform 
them into an innocuous form A deficiency of the proteopexic function 
allows the entrance of split protein products into the general circulation, 
causing the disturbance of colloidal balance which is manifested clinically 
by the phenomena of the hemoclasic crisis 

In a previous communication, the author ^ leported a study of post- 
alimentary leukocyte curves in eighty noimal persons In every 
instance, some degree of leukocytosis followed the consumption of the 
glass of milk, in other words, the crise hemoclasique, as judged by the 
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Postalimentary leukocyte curves in eighty normal persons 1, after five 
hours’ fast and before test meal, 2, one-half hour after milk, 3, one hour after 
milk, 4, one and one-half hours after milk, 5, two hours after milk, A, maximal 
degree of leukocytosis , B, minimal degree , C, composite curve of leukocytosis 
m eighty normal persons In every instance, some degree of leukocytosis was 
observed The interrupted lines A and B represent the limits of variation , that 
is, they are the curves of the cases in which the maximal and the minimal 
degrees of leukocytosis, respectively, occurred The solid line C represents the 
composite curve of normal postalimentary leukocytosis, the average of the 
curves obtained 


postalimentary leukocyte curve, did not once occur in a normal person 
There was considerable uniformity in the curves The chart shows the 
composite curve given by these eighty normal subjects, together with 
the two extreme variants 

The literature appertaining to digestive hemoclasis is voluminous 
and, to a large extent, contradictory, and it would be an unprofitable 

2 Femblatt, H M Alimentary Leukocytosis in Eighty Normal Men A 
Study m Reference to the Crise Hemoclasique of Widal, J A AI A 80 613 
(Alarch 3) 1923 
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task to review it In general, Fiencli authors find the test of value in 
the diffeientiation of conditions affecting the intestinal tube and its 
appendages, and they appear to have established the fact that the crise 
hemoclasique disappear^ with the removal of its cause For example, 
digestive hemoclasis is consistently associated with cholelithiasis, but 
disappears a month or so after removal of the gallbladder Other 
workeis, paiticulaily in Germany, fail to obtain consistent results with 
this test 


Table 1 — Cases Yielding a Typical Ciiic Hcmoclasiqnc 


After 2CO Gin of Milk 
Before , * 


No 

Se\ 

Age 

Olinicnl Di ignosis 

Milk 

% Hour 

IHour 114 Hours 

1 

F 

38 

Bronchial asthma 

8,600 

8,400 

8,000 

7 200 

2 

M 

60 

Lacnncc's cirrhosis 

4,000 

2,800 

2,800 

1,600 

3 

M 

38 

Cholelithiasis 

10,000 

7,600 

5,200 

6,000 

4 

M 

35 

Syphiiis of liver, ascites 

8,000 

7,200 

7,200 

6500 

5 

M 

24 

Idiosyncrasy to miik, sick with nausea, 
apparently due to test meal 

Lacnnec’s cirrhosis, bronchitis 

12,400 

10,400 

8,450 


fi 

M 

42 

20,000 

15,400 

11,200 


7 

M 

25 

Bronchial asthma, positive skin reactions 







to manj food proteins 

12,600 

12,400 

10,000 

11,000 

8 

F 

25 

Hay feier, sensitive to ragweed golden- 
rod and rje 

11,200 

10,600 

8,200 

8,600 

9 

M 

so 

Chronic otitis media, took. % grain calo 







mel on day preceding test 

10,000 

7,000 

6,200 

lOOOO 

10 

F 

48 

Passive congestion of liver, luricular 







fibriilation 

10,400 

6800 

7,200 

13 000 

11 

F 

33 

Mitral stenosis 

7,400 

5 600 

7,000 

7 800 

12 

M 

23 

Arthritis of ankle 

11 SOO 

9,200 

11,000 

12 400 

13 

M 

62 

Chronic alcoholism 

8,000 

7,000 

6,400 

6,600 

14 

M 

53 

Bronchial asthma 

9,200 

5,800 

11,800 

13,000 

15 

M 

64 

Sciatica, pleurisy 

8,200 

5,800 

6,400 

7,400 

16 

M 

62 

Pneumonia, jaundice 

24,000 

24,000 

19,800 

23,600 

17 

M 

62 

Pneumonia, jaundice 

37,400 

27,600 

24,200 

41,400 

18 

F 

42 

Arthritis deformans 

10,600 

8,000 

9,000 

11,000 

19 

M 

13 

Essential epilepsj 

6000 

6,000 

6,600 

5,800 

5 900 

20 

M 

46 

Arthritis deformans 

7,900 

6,600 

6 400 

21 

M 

44 

Neurocirculatory asthenia 

5,000 

4,400 

3,800 

5 400 

22 

F 

42 

Bronchial asthma, all skin tests negatne 

11,600 

11,600 

8,400 

8,800 


SCOPE OF THIS STUDY 

The object of this investigation was not specifically to study the 
Widal test with leference to insufficiencies of the liver, but to examine 
a miscellaneous gioup of patients m the hope that leads foi further 
study might thus be furnished The fact that in a consecutive senes of 
eighty normal pel sons a crise hemoclasique did not once occur estab- 
lishes the fact that this phenomenon must necessarily be construed as 
pathologic, but, depending, as it does, on an upset of the colloidal 
balance of the blood, the crisis might conceivably result from a great 
variety of abnormal states 

The Widal test was performed on fifty patients sufiering from 
various conditions Accoiding to the type of postalimentary leukocyte 
curve attained, the patients were classified into three groups as follows 
(1) those yielding a frank crise hemoclasique (lelative leukopenia one- 




FEINBLA TT— ALIMENT AR V LEUKOCYTOSIS 


213 


half and one houi aftei the test meal) , (2) those yielding a normal 
curve (lelative leukocytosis one-half and one hour after the test meal) , 
and (3) those yielding an indeterminate cuive 

The data presented in the foregoing tables are sufficient to show that 
the hemoclasic ci isis may occur m a great variety of conditions in which 
hepatic insufficiency is not evident on clinical examination These 


Table 2 — Cases Vteldvig a Noivtal Response in PostaUnientai y Leukoevtosis 







After 200 Gm 

Of Milk 





Before 


K 


No 

Se\ 

Age 

Clinical Diagnosis 

Milk 

% Hour 

1 Hour U/^ Hours 

1 

M 

23 

Essential epilepsy 

11,800 

12,000 

13,000 

15,200 

2 

M 

13 

Fssential epilepsy 

10,800 

11,400 

14,000 

14,200 

3 

3? 

24 

Mitral stenosis with decompensation, 








pregnancy 

7,400 

11,400 

9,200 

8,000 

4 

3? 

48 

Arthritis deformans, pulmonary tubercu 








losis, old carcinoma of breast 

7,400 

7 800 

8,000 

8 400 

5 

F 

49 

Carcinoma of broncluis 

0,000 

8,000 

10,000 

9,400 

6 

F 

50 

Hyperthyroidism, myocarditis 

7,400 

7 000 

10,000 

8 000 

7 

P 

22 

Toxic polj’ncuritis 

0,600 

9,000 

9,400 

7 COO 

8 

F 

39 

Chlorosis 

7,400 

8,000 

8 200 

9,000 

9 

M 

21 

Malaria 

4,800 

6,200 

7,000 

7,f)00 

10 

M 

65 

Gastric ulcer 

7,200 

7,200 

8 200 

7 400 

11 

M 

55 

Chronic glomerular nephritis 

7,200 

8,000 

9,200 

6 400 

12 

M 

21 

Diabetes mellitus 

9 000 

33,200 

9,200 

13,200 

13 

M 

39 

Syphilitic arthritis 

9,800 

10 400 

11,000 

9000 

14 

M 

82 

Arthritis 

8,000 

9,000 

8,200 

9 000 

15 

M 

45 

Raynaud’s disease 

8,000 

8,000 

10,400 

9,800 

16 

F 

32 

'ITieliinosis 

32,000 

17,000 

11,800 

11,000 


Table 3 — Cases Yielding an Indctenntnaie Ciiive 







After 200 Gm 

of MlJk 





Befoie 




. . 

No 

Sox 

Age 

Clinical Diagnosis 

Milk 

% Hour 

IHour HA Hours 

1 

M 

27 

Bronchial asthma 

9,000 

10,000 

0,400 

7 000 

2 

M 

00 

Aortic insufficiency 

12,700 

11,800 

15,000 

15 000 

3 

M 

40 

Hodgkin’s disease 

8,100 

9,400 

7,200 

10 200 

4 

M 

68 

Uremia, chronic myocarditis 

8,200 

9,000 

7,400 

8,400 

5 

M 

55 

Passive congestion of liver, cardiac de 








compensation 

8,600 

8,800 

8,400 

9,600 

0 

M 

43 

Cardiac decompensation, hydrothorax and 








enormously enlarged liver 

10,400 

10,800 

8,000 

9,000 

1 

M 

60 

Pernicious anemia 

3,000 

3,200 

2,500 

2,950 

8 

F 

38 

Brain tumor 

9 400 

9,000 

9,000 

9,000 

9 

F 

45 

Diabetes mellitus, hypotliyroidism 

8,200 

8,400 

8,000 

8,000 

10 

P 

37 

Hypothyroidism 

8,400 

8 200 

8,800 

7 600 

11 

M 

OS 

Urticaria 

6,000 

6,000 

10,800 

8 000 

12 

M 

47 

Perilicpatitis 

9,720 

10,340 

8,260 

8 600 


results, of couise, have no great beaiing on the validity of the Widal 
test In the first place, a consideiable degree of anatomic damage to the 
liver can escape detection by clinical methods, and m the second place, 
the Cl ISIS IS supposed to be due to a functional defect of the livei, which 
would be not in the least incompatible with an organ showing no lesions 
at necropsy This test is based entiiely on biologic principles The hemo- 
clasic crisis IS evidently a nonspecific anaphylactic reaction, which 
experimental evidence has shown can be produced by the entrance of 
portal blood into the geneial circulation and can be prevented by the 
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action of the liver on such blood It is unfair to apply anatomic 
standards to such a test, except so far as it must be acknowledged that 
deficiency of function is much more apt to be present in an organ badly 
damaged 

Many woikers, particularly in Germany, having obtained results 
similar to mine, that is, a hemoclasic crisis in conditions not related to 
the liver, have been inclined to discredit the whole test To me this 
attitude does not appear justified It undoubtedly is fair to conclude 
from the evidence that a positive crisis does not necessarily mean that 
the liver is badly damaged, especially in view of the fact that in certain 
diseases of the digestive tube and its appendages, for example m 
cholelithiasis, the hemoclasic reaction disappears with the removal of the 
cause Furthermore, the crisis can in no sense be construed as indi- 

Table 4 — Summaiy of Cluneal Diagnosis in Twenty-Tzvo Patients 
Shozvtng the Crise Hcmoclasiqiie 


Bronchial asthma i 

Baennec’s cirrhosis 2 

Arthntis deformans 2 

Pneumonia with jaundice 2 

Cholelithiasis 1 

Syphilis of liver nitli ascites 1 

Idiosyncrasy to milk 1 

Hay fever 1 

Otitis media (calomel ?) 1 

Passive congestion of liver, auricular fibrillation 1 

JMitral stenosis 1 

Arthritis of ankle 1 

Alcoholism 1 

Sciatica nnd pleurisy 1 

Essential epilepsy 1 

Xeurocirculatory asthenia 1 

Total 22 


cative of a general reduction of hepatic function, but rather of a 
deficiency of one particular function, the proteopexic function It is 
for this reason that it would be a fruitless task to make a parallel study 
between the Widal test and other tests of liver function, such as the 
phenoltetrachlorphthalem method 

In two cases in which the patients, both of whom appeared clinically 
to be suffering from advanced hepatic disease, came to necropsy, the 
Widal test was of value in the differential diagnosis 

REPORT OF CASES 

C'^SE 1 — J A , a man, aged 59, married, whose history, physical signs and 
laboratory findings established the diagnosis of taboparesis, further exhibited 
considerable enlargement of the abdomen together with the signs of ascites 
Paracentesis yielded a thick, mucilaginous fluid, which contained 02 gm of 
albumin per liter, was sterile, and showed a few polymorphonuclear and many 
undifferentiated cells The Widal test gave a curve of 10,000 cells before the 
ingestion of milk, and 10,000, 12,000 and 13,000 cells, respectively, at one-half 
hour intervals afterwards, that is a normal response At necropsy the cause 
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of the ascites was found to be a myxoma involving the omentum and the 
intestines Except for slight congestion and amyloid change, the liver was 
normal 

Case 2 — J, a man, aged 53, married, who gave a history of a syphilitic 
infection eighteen years prior to admission, had suffered for a period of one 
year from occasional vomiting, followed in the course of several months by weak- 
ness, a tremor of the hands, loss of appetite, and, a few days before admission, 
by jaundice He had always been a heavy drinker On physical examination, 
the liver could be palpated four fingerbreadths below the costal margin, there 
was a definite yellowish tinge to the sclerae The Widal test gave a curve of 
22,400 cells before the ingestion of milk, and 15,800 and 11,800 cells respectively 
at one-half hour intervals afterward, that is, a frank hemoclasic crisis The 
patient died of a hypostatic pneumonia Necropsy revealed evidence of advanced 
hepatic damage Sections from the liver, which was markedly enlarged, showed 
considerable perilobular and intralobular fibrosis, with marked regeneration 
and reduplication of the smaller bile ducts The lobules were irregular in 
contour, and the majority of them showed fatty infiltration 

THE VARIABILITY OF THE LEUKOCYTE CURVE 

One point which becomes apparent from an examination of the 
tabulation seems to be of great practical importance, namely, the varia- 
bility of the leukocyte curve It appears that the relation of the white 
blood cell count to the digestive phases will have to receive greater 
emphasis So marked are the fluctuations which may follow nothing 
more than the ingestion of a glass of milk that our clinical deductions 
may often prove to be erioneous unless we make proper allowances 
Thus one patient, a man, aged 62, with lobar pneumonia, yielded a count 
of 37,400 cells before ingestion of milk and of 27,600, 24,200 and 41,400 
cells, respectively, at one-half intervals afterward Certainly a variation 
of 17,200 cells in the short space of one-half hour might lead to a 
different interpretation one way or the other in cases in which only a 
single specimen is taken It may, perhaps, piove eventually to be more 
reliable to make our inferences from a leukocyte curve rather than from 
a single count 


CONCLUSIONS 

1 The ciise hemoclasique of Widal, as evidenced by the postali- 
mentary leukocyte cuive, does not occur in normal subjects 

2 The hemoclasic crisis has been observed by many workers in 
patients who showed no clinical evidence of hepatic disease My results 
have been in accord with this general trend It appears established that 
this test can in no way be used to measure quantitatively gross organic 
damage to the liver 

3 The Widal test should be considered as relating not to liver func- 
tion in general, but to one particular liver function, the proteopexic 
function 
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4 The proteopexic function is deficient when there is gross oiganic 
damage to the liver, fiequently it is deficient when there is no other 
evidence on which to indict the liver 

5 The interpretation which should be placed on a positive cnse 
hemoclasique is that it indicates a functional defect of the livei, peihaps 
transitory, which gives rise to a nonspecific anaphylactic i eaction 

6 Piotein ingestion may give rise to marked oscillations in the 
leukoc}te count In one patient Avith pneumonia, theie was a variation 
of 17,200 cells in half an hour In interpieting the white blood cell 
count, the influence of the phases of digestion must be accorded pioper 
consideration 
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BLOOD AND PLASMA VOLUME IN OBESITY 


GEORGE E BROWN, MD 

AND 

NORMAN M KEITH, MD 

ROCHESTER, MINN 

Few estimations of blood volume have been made on obese peisons, 
but those obtained have indicated a small blood volume in compaiison 
with body weight Haldane and Smith’- weie the fiist to draw atten- 
tion to this fact Latei Keith, Rowntree and Geraghty - showed that 
both the blood and plasma volumes wei e small in certain obese patients 
Rasmussen and Rasmussen ^ compared the blood volume m the wood- 
chuck in midsummei, just befoie and during hibernation, and found 
that there was a relative reduction in blood volume when a maximum 
amount of fat was stored within the body Our observations on a 
senes of obese patients have confirmed this relationship between blood 
volume and excessive deposits of fatty tissue In the present senes, 
patients were also studied after they had lost a known amount of weight, 
chiefly to determine whether loss of weight brought about constant 
changes in blood and plasma volumes Fourteen cases were followed 
over a period of several weeks, volumetric studies being made before 
reduction and following a loss of from 5 to 15 kg in weight The 
results revealed interesting facts concerning the relationship between 
blood and plasma volume and obesity, and aie reported here 

TECHNIC EMPLO\ED 

The total circulating volume of blood and plasma was determined 
by the dye method of Keith, Rowntiee and Geraghty Vital red and 
Congo red wei e both used and gave equally satisfactory i esults Hai i is ^ 
found that Congo red leaves the blood vessels of cats and dogs less 
rapidly than does vital red This has not been our experience in dogs 
or man Our findings with both dyes have given comparable results 

1 Haldane, J , and Smith, J L The Mass and Oxygen Capacity of the 
Blood m Man, J Physiol 25 331-343, 1900 

2 Keith, N M , Rowntree, L G , and Geraghty, J T A Method for the 
Determination of Plasma and Blood Volume, Arch Int Med 16 547-576 (Oct ) 
1915 

3 Rasmussen, A , and Rasmussen, G B The Volume of the Blood During 
Hibernation and Other Periods of the Year in the Woodchuck (Marmota 
Monax), Am J Phj'siol 44 132-148, 1917 

4 Harris, D T The Value of the Vital-Red Method as a Clinical Means 
for the Estimation of the Volume of the Blood, Brit J Exper Path 1 142-158, 
1920 
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well within the possible errors inherent in the method itself Table 1 
shows these comparable results, employing both dyes, in two normal 
dogs and two patients with mild chronic arthritis Hematocrit determi- 
nations were made by centrifuging 15 cc of blood in calibrated 
centrifuge tubes for twenty minutes at the rate of 3,000 revolutions a 
minute One hundredth of a gram of dry sodium oxalate was used to 
prevent clotting The hemoglobin content was estimated according to 
the Palmer ° modification of the Haldane carbon monoxid method The 
surface area of these patients was computed from the height and weight 
formula of Du Bois ° 

REDUCTION or WEIGHT 

A fairly standardized regimen for reducing weight was used in this 
series of patients Average diets of 1,200 calories were given, and 


Table 1 — Plasma and Total Blood Volume Estimations by 
Vital Red and Congo Red Methods 



Date 

Dye Used 

Weight, 
Kg ; 

Plasma 

Volume, 

Oc 

Plasma 

Volume, 

0 c tor 
Each Kg 

Blood 

Volume, 

0 c 

Blood 

Volume, 

C c lor 
Each Kg 

DogB 

1/15/21 

Congo red 

86 

470 

54 6 

885 

103 0 


1/27/21 

Vital red 


480 


800 



2/11/21 

Vital red 

80 

440 

55 0 

770 

905 


2/14/21 

Congo red 

78 

495 

636 


1088 

Dog W 

2/ 3/21 

Congo red 

97 

490 

1 503 

655 

880 


2/11/21 

Vital red 

86 

440 

614 

760 

870 


2/14/21 

Congo red 

79 

450 

657 

760 

900 

A426051 

6/26/23 

Congo red 

730 

3,325 

45 0 

5,760 

780 


6/29/23 

Vital red 

73 0 

8,390 

46 0 

5*655 

770 

A426243 

6/ 6/23 

Congo red 

620 

3,725 

600 

6,825 

94 0 


6/ 9/23 

Vital red 

600 

3,725 

620 

6.825 

970 


fluids were restiicted to 1,500 cc Modeiate exercise was taken in the 
form of walking one or two miles daily Desiccated thyroid was given 
by mouth in sufficient dosage to elevate and maintain the metabolic 
rate at from 20 to 25 p6r cent above normal for from five to ten days 
At this level toxic symptoms were absent or slight From one to three 
courses of thyroid treatment as noted above were given each month 

RESULTS 

The changes in hemoglobin, red blood corpuscle content, plasma and 
total blood volume following reduction m weight and surface area 
varied with the individual case The detailed findings are given m 
Table 2 

5 Palmer, W W The Colorimetric Determination of Hemoglobin, J 
Biol Chem 33 119-126, 1918 

6 Du Bois, D , and Du Bois, E F A Formula to Estimate the Approxi- 
mate Surface Area if Height and Weight be Known Clinical Calorimetry, 
Tenth Paper, Arch Int Med 17 863-871 (June) 1916 
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Pa centagc of Hemoglobin and Red Blood Coi pnscles (Hematocrit) 
— The initial determinations for hemoglobin vaiied from 82 to 129 per 
cent and foi red blood corpuscles, from 36 to 47 per cent These 
findings fall within the normal range for both sexes between 30 and 
65 years of age In six of the present series of cases ( Cases 2, 5, 6, 7, 
8 and 14) there was a distinct, though not marked, fall in the hemo- 
globin or red blood corpuscle percentage, or in both, following loss of 
body weight In the first four of the foregoing cases there was no 
other evidence of a developing anemia The patient in Case 14 passed 



Four types of variations in blood and plasma volumes during weight 
reduction 


through the typical course of typhoid fever, which might account for 
a mild degree of secondary anemia In Case 8 the fall in hemoglobin 
from 129 to 108 per cent was accompanied by a decrease in the total 
number of circulating red blood corpuscles, this was probably a true 
anemia as there was no change m the plasma volume In the remain- 
ing eight cases there were no noticeable changes from the initial 
determinations 

Plasma Volume — The initial deteimmations were relatively lower 
than normal when compared to body weight In normal persons, the 
variation is from 42 to 54 c c for each kilogram , in these cases it was 
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from 27 5 to 48 cc However, when compared with suiface aiea, the 
initial plasma volume showed little change from noimal 

In Cases 1, 4, 5, 6 and 7, following a reduction m weight of from 
4 to 12 kg , there was a definite rise in the total and i elative amounts 
of plasma volume The relative increase applied to both weight and 
surface area In Cases 1 and 4, there was no associated change m 
percentage of red blood corpuscles, Avhile in three (Cases 5, 6 and 7), 
there was a measurable fall without other evidences of anemia 

A marked fall (28 to 29 pei cent ) m total plasma volume occuired 
in Cases 11 and 14 The histones of these patients are of striking 
interest In Case 14, the patient entered the hospital with typhoid fever, 
which ran a typical course without complications He lost 11 kg in 
weight Blood examination on three occasions at intervals of three 
weeks showed a steady decrease in total plasma, amounting in all to 
1,424 cc , or 29 per cent, and accompanied by a small decrease in the 
percentage of red blood corpuscles (from 39 to 36 per cent ) The 
relative decrease m plasma was from 47 to 37 c c for each kg , and 
fiom 2,215 to 1,670 c c for each square meter In Case 11, the patient 
lost 7 kg m three weeks, and 24 kg in seven months under strict 
treatment for obesity This marked loss in weight was accompanied 
by a decrease of 1,100 cc, or 28 per cent, m total plasma The 
relation of total plasma to body weight, 42 c c for each kilogram, 
remained unchanged, but there was a definite decrease in the relative 
amount of plasma to surface area There was no striking loss of 
hemoglobin or change in red blood corpuscle percentage 

In SIX of the seven remaining cases in which the loss of weight was 
from 6 to 15 kg , the changes in total and relative plasma volume were 
small 

Blood Volume — The initial determinations in all but three cases 
showed a reduced blood volume rvhen compared to body weight In 
these exceptions (Cases 8, 10 and 14), the findings were from 77 to 
83 cc for each kilogram, coming ivithin the lange of the normal 
variation of from 74 to 99 c c for each kilogram The variations in 
the relationship of blood volume to surface area are greater in obese 
persons than in normal subjects The former vary from 2,515 to 3 730 
c c for each square meter, and the latter from 2,790 to 3,460 c c for 
each squaie meter The results of total blood volume estimations were 
more variable when compared with loss of weight than those of plasma 
Three patients (Cases 1, 4 and 7), after the loss of weight, had an 
increase in total and relative blood volume, and this was always associ- 
ated with an increase m the total and relative amount of plasma The 
red blood corpuscle percentage did not change in Cases 1 and 4, m 
Case 7 there was a definite decrease In Cases 2, 3, 8, 9, 10, 11 and 
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14, there was a demonstiable decrease in total blood volume, accom- 
panied by no change or a slight fall in the percentage of red blood 
corpuscles In five of these (Cases 2, 3, 9, 10 and 11), this decrease 
in total blood volume was not accompamed by a relative parallel decrease 
in relation to body weight and surface area On the contrary, in two, 
a deciease was found The latter cases (Cases 14 and 8) were striking 
on account of a marked fall of from 28 to 29 pei cent m blood volume 
This decrease was due to a loss of both plasma and red cells in Case 14, 
while in Case 8 the loss was demonstrable in the red cells only 

In Cases 12 and 13, there was practically no change in total or 
relative amounts of blood volume Plasma determinations also showed 
no change Both patients lost relatively little weight while under 
observation 

COMMENT 

Loss of weight in this series of obese subjects did not occasion con- 
stant changes in blood and plasma volume, or m the percentage of hemo- 
globin 01 red blood corpuscles Four types of blood changes are shown 
in the chart In Cases 5, 6 and 7 there was an increase in total plasma, a 
decrease in the peicentage of red blood corpuscles and little or no change 
in total blood volume The increase in circulating plasma may be related 
to the therapeutic use of thyroid extract In only two cases (Cases 14 
and 11) was there a marked decrease in total plasma In Case 14, 
typhoid fever was present, and in Case 11, the loss of weight amounted 
to 24 kg Loss of plasma in typhoid fever suggests that there may be 
a similar loss of plasma in other acute febrile diseases In Case 11, the 
loss of plasma varied directly with the loss of weight, so that the 
initial relationship between body \veight, total plasma and total blood 
remained constant 42 and 68 c c foi each kilogram If a low relative 
blood and plasma volume is always found in obese persons, as our results 
show, then the determinations in Case 11 indicate that even at the 
reduced weight of 70 kg the patient had an abnormal amount of adipose 
tissue 

The total cii dilating blood was increased in two cases, suggesting 
that loss of weight may have opened up resting capillaries and thus 
increased the amount of blood in cii dilation In Case 4, the early 
disappearance of a slight edema may have been a factor in causing an 
increase in circulating blood volume The marked decrease m blood 
volume that occurred in Cases 8 and 14 is of special interest In 
Case 8, in which marked obesity developed in six months, the decrease 
was due to a loss or possible redistribution of red blood corpuscles, as 
no change was found in the amount of ciiculating plasma The fall m 
red blood corpuscles and hemoglobin percentage strongly indicates that 
red blood cell destruction had occurred There were no other clinical 
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facts indicative of anemia On the other hand, in Case 14 the red blood 
corpuscle percentage and total circulating blood volume ^vere deci eased, 
as well as the total plasma The anemia which occurs in typhoid fe\er 
may explain the red cell loss, while the loss of plasma was possibh 
associated with the excessive protein catabolism piesent in this disease 

SUMMARY 

1 The circulating blood and plasma -volumes vhen compared to body 
weight aie smallei m obese than in normal peisons 

2 Loss of weight in obese subjects, as brought about in this senes 
of cases, did not result in constant changes in blood and plasma volume 
or in the percentage of hemoglobin or red blood corpuscles (hematociit) 

3 In three cases, following loss of weight there was evidence of 
blood dilution, but no definite evidence of anemia 

4 A deciease or increase of total circulating blood volume may occiii 
\Mth 1 eduction m weight In this series, when a marked deciease 
occurred, there was evidence of anemia 



MERCURIC CHLORID POISONING •*= 


H B WEISS, MD 

CINCINNATI 

The most trying group of poisoned patients encountered at a general 
hospital is the group that has taken mercuric chlorid It is taken with 
suicidal intent in over 90 per cent of the instances, and the vast majority 
of the group are young women The accidental poisomngs are infre- 
quent, and occur when a tablet is taken by mistake for a coal tar or 
other preparation Occasionally, the patient who has used the solid 
tablet in the vagina will present herself Once a child who had swal- 
lowed the mercury from a broken thermometer came undei treatment 
For the most part, the poison is taken by mouth, usually by swallowing 
the tablets, and occasionally by dissolving them in water before 
swallowing One patient ate some diluted mercurial ointment, and 
another drank a 1 10 mercuric chlorid solution which she obtained in a 
hospital 

When the mercury, €ven m tablet form, enters the stomach, the 
poison IS quickly taken up, and m experimental animals (dogs) the 
meicury has been detected m the blood three minutes after a tablet was 
placed in the animal’s stomach ^ This occurred when the dose of 
mercuric chlorid was 0 5 gm per kilogram of body weight In doses 
as small as 0 024 gm per kilogram, mercury has been found in the blood 
ten minutes after the tablet was placed m the stomach As soon as the 
mercuiic chlorid gets into the circulation, various pathologic changes 
occur rapidly As shown by Burmeister and McNally, these changes 
are degeneiative m chaiacter, and, if continued, lead to individual cell 
death The kidney is especially affected, and these changes occur 
simultaneously with the presence of mercury in the circulating blood 
They found that m massive intoxications the immediate renal changes 
will vary with the size of the dose, while in smaller doses, the renal 
changes will vary with the duration of the intoxication Though the 
brunt of the intoxication seems to be borne by the kidney and liver, it 
IS shown that the entire bod}’" suffers from the metal injury Rosen- 
bloom,^ in a study of a fatal case of meicury poisoning, found mercury 
in practically every oigan of the body, including the bones and central 
nervous system 

* From the Department of Medicine, University of Cincinnati College of 
Medicine, and the Medical Clmic, Cincinnati General Hospital 

1 Burmeister, W H , and McNally, W D Mercury Boisomng, J M Res 
36 87 (March) 1917 

2 Rosenbloom, J A Note on the Distribution of Mercury in the Body 
m a Case of Acute Bichloride of Mercury Poisoning, J Biol Chem 20 123, 1915 
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When death occurs, it is usually the result of the kidney injuiy 
MacNider,® who has studied the action of mercury on dogs, found that 
in the acute mercuric chloiid intoxications death occuired, due either 
to the shock associated with the severe mercury enteritis, or to a delayed 
kidney injury, that the injury to the kidney has been constantly asso- 
ciated with the development of an acid intoxication, and that the delayed 
kidney injury is not due to the action of the mercury as such during its 
elimination by this organ MacNider ^ has also demonstrated experi- 
mentally that poisoning by uranium, another heavy metal, is associated 
with the development of organic acids, such as diacetic acid and acetone 

The kidney changes are those of an acute nephritis, theie usually 
develops a pale, swollen kidney, pei haps with hemorrhagic areas, mostly 
glomerular in the more severe intoxications Menten,® m a senes of 
experiments on rabbits, found that m animals that received above 0 005 
gm per kilogram, gross pathologic changes could be detected m the 
kidney in a short time If the dose of mercuric chlorid was much 
smaller, for instance, 00012 gm per kilogram, given intiavenously, 
microscopic changes indicating kidney injury could be detected within 
five minutes after the injections These changes were well defined and 
could be found in the liver as well as m the kidney The experimental 
doses of the poison were smaller when compared with the lethal dose 
of 0 004 gm per kilogram, as found by Barbour “ In one or our patients 
who died within nineteen hours after taking 0 03 gm per kilogram, the 
liver showed marked edema with but slight edema of the kidneys In 
another patient who died seven days after she took a similar dose 
necropsy revealed the most marked acute changes m the kidneys, though 
the liver was severely injured 

In common with others,’' we have found certain constant changes m 
the blood chemical studies on animals and jDatients There is a retention 
of the nitrogenous elements, such as urea nitrogen, uric acid and 
creatinm, depending on the extent of the body injury, especially that of 
the kidney Acid intoxication, as evidenced by a reduction of the alkali 
leserve, is one of the most frequent findings There is also a diminution 
of the concentration of the whole blood chlorids With the improve- 
ment 111 the patient, the nitrogen elements of the blood leturn to normal, 
together with the alkali reserve and the whole blood chlorid concentra- 

3 MacNider, W D A Study of Acute Mercuric Chloride Intoxication 
in the Dog, with Special Reference to the Kidney Injury, J Exper Med 27 519 
(April) 1918 

4 MacNider, W D Uranium Poisoning, J Exper Med 26 1 19 (Tulv) 
1917 

5 Menten, Af L J M Research 43 315 (June-Julj) 1922 

6 Barbour, H G Mercuric Chlorid Poisoning in Animals Treated Unsuc- 
cessfully by Parenteral Administration of Hall’s New Antidote, T A Af A 
64 736 (Feb 27) 1915 

7 Killian, J A J Lab & Clin Aled 7 129 (Dec ) 1921 
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tion In severe intoxications, the phenolsulphonephthalein output is 
greatly lowered, not infrequently to zero With the improvement of 
the patient, the output gradually rises In several of the patients studied 
who had a complete anuria for a day or more and in whom the kidney 
functional test did not show any excretion of the dye in two houis, 
there was a steady rise of the phenolsulphonephthalein output with the 
improvement in the patient’s condition In one patient the output 
gradually lose to 66 per cent on the thirty-third day of the disease 
aftei a complete anuria for three days and a severe oliguria for the 
following two There is a moderate increase in the white cell count, to 
as high as 20,000 or more, with an increase in polymorphonuclears 
A few days after the poison is taken, this increased white cell count 
gradually diminishes as the patient improves, oi it may remain increased 
until death 

The urinary findings aie significant Albumin appears eaih, 
often several hours after the patient has taken the poison Soon 
there is a diminution in quantity of urine, which is often the 
foierunner of a complete anuria As the quantity of urine secreted 
diminishes, the organic elements inciease, and all forms of casts and 
many blood and pus cells aie frequently found In patients with severe 
intoxications, the urine is often blood}^ One of the most constant 
findings has been that the urine is highly acid to methyl red As the 
intoxication pi ogresses, all signs of uremia may be piesent Headaches, 
coma and convulsions are not infrequent m this type In several of our 
patients, a generalized edema occurred In one patient with a total 
suppression of mine foi three days, followed b}^ two days when he 
voided only a few ounces each day, a generalized rather severe edema 
developed The edema of the eyelids was sufficient to obstruct his 
vision The entire face, neck and extremities were pufly, and a moderate 
amount of ascites was present This edema rapidly subsided as soon 
as the patient commenced to void In one of the fatal cases, in a patient 
who lived twenty-one days after she was poisoned, there developed 
marked enlaigement of the submaxillary glands, herpes of the lips, 
pleurisy and finally terminal pneumonia 

The diagnosis of mercury poisoning is not difficult The patient 
usually gives a clear history of taking poison The characteristic 
symptoms with the urinary findings are almost constant In practically 
all of the patients that came undei observation, the vomitus, mine or 
feces was examined for mercury by the method of Vogel and Lee ® 
Metal has been found in the mine within fifteen hours after ingestion, 
but it usually does not appear in the feces before fiom thirty to forty 

8 Vogel, K M , and Lee, O I Detection of Mercury in the Excretions, 
J A M A 62 532 (Feb 14) 1914 
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hours Most of it is excreted by the bowel, and can usually be detected 
for from seven to ten days, though in a few patients it has been found 
many days later 

TREATMENT OF MERCURIC CHLORID POISONING 

The treatment of this intoxication presents itself as a difficult 
pioblem In the last decade many so-called specifics have been 
presented For several of them claims aie made that the mercuiy is 
placed in combination with the therapeutic agent, thereby producing 
a nontoxic substance which subsequently can be eliminated If the 
pathology of this intoxication is understood, it is evident that pathologic 
changes take place rapidly, depending on the severity of the irri- 
tation The problem then is how to overcome the effects of the 
poison The familiar cloudy swelling and later -degenerative changes 
in the kidney are merely an example of the changes that have taken 
place throughout the entire body If the process continues, cell -death 
and necrosis follow, and the organism succumbs to a generalized 
intoxication Knowing this, we believe that it is useless to attempt to 
counteract the metallic poison itself, but that our efforts should be 
directed toward preventing the irrepaiable pathologic changes that will 
occur if the intoxication is not combated The cloudy swelling, nephritis 
and uremia are associated with an increase in the production of acid 
bodies Fischer ° shows that these changes are due to the acidosis 
MacNider ^ found this acid intoxication always associated with meicury 
poisoning With another heavy metal (uranium) poisoning, he found 
that organic acids were produced by the intoxication, and that the 
administration of an alkali (sodium bicarbonate) lessened the toxicity 
of the uranium by delaying the formation of organic acids 

The logical treatment, then, seems to be to attempt to counteract any 
pathologic changes that have occurred, to prevent the progress of the 
pathologic changes, and, finally, to eliminate the toxic material as soon 
as possible 

The treatment developed attempts to carry out that program, and, 
when compared with other methods of treatment, it has been faiily 
successful 

The treatment is divided into several stages As soon as the patient 
comes under observation — the sooner the better — a stomach tube is 
introduced, and the stomach is washed with 2 quarts (liters) of a 
saturated solution of sodium bicarbonate This is continued until the 
washings return clear Before the tube is remo^ed, 6 ounces (178 c c ) 
of a saturated solution of magnesium sulphate is allowed to remain m 

9 Fischer, M H Edema and Nephritis, New York, John Wilej- & Sons, 

1915 
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the stomach A soapsuds enema is then given Most of the patients 
vomit soon after taking the poison, and probably some of the mercury 
IS eliminated in this way 

To introduce alkali into the system, patients should receive an intra- 
venous injection of alkali as soon after the preliminary treatment as 
possible The preparation that we have used is Fischer’s solution 
This solution consists of crystallized sodium carbonate (NaoCOg- 
IC HoO) 10 gm . and sodium chlond, 15 gm , both dissolved in 1,000 
c c of distilled watei If this is not available, a solution of 4 per cent 
sodium bicarbonate may be used In patients who have not any abnor- 
mality of the circulatory sj^stem, from 1 to 1 5 liters can be tolerated 
without any difficulty In patients who have taken large amounts of 
poison, we have given as high as 1,800 cc at the first injection The 
alkaline therapy is continued by mouth We have used a modification 
of the old “potus impeiialis” by dissolving 4 gm (1 teaspoonful) of 
potassium bitartrate and 2 gm (% teaspoonful) of sodium citrate in a 
glass of water, orangeade or lemonade The patient receives 8 ounces 
(236 c c ) of this drink from six to eight times a day, from the onset 
We have rarely used rectal administration of alkali m water on account 
of the irritation of the lower bowel associated with the bloody diarrhea 
Hot packs have not been used except m the few patients who had a 
complete suppression A liberal diet is allowed, including meat, after 
the diarrhea ceases 

The treatment is conti oiled by urinalysis We endeavor to make the 
urine alkaline to methyl red, and keep it so Fischer has demonstrated 
that in patients with disease of the kidneys, the urine of whom cannot 
be kept alkaline to methyl red, the disease may progress and often lead 
to complete suppression Under this treatment the patient usually 
voids large quantities of mine Albumin, casts and blood are usually 
present for seveial days, and gradually diminish until the urine becomes 
clear Most of the patients under observation showed a noimal urine 
from the tenth to the fourteenth day after taking the poison If the 
patient has taken over 7 grains (0 46 gm ) of mercuric chlond, and 
shows marked urinary disturbance, a second, and at times a third, intia- 
venous injection of Fischer’s solution is given The injections are 
given on successive days 

Previously I have reported the results of this treatment in several 
groups of patients At the piesent time, I can report the entire series 
of 135 consecutive patients poisoned by some form of mercury with 

10 Weiss, H B A Method of Treatment of Mercuric Chlond Poisoning, 

T A M A 68 1618 (June 2) 1917, The Treatment of Bichloride of Mercury 
Poisoning, Ohio State M J 13 595 (Sept) 1917, The Principles of Treatment 
in Mercuric Chlond Poisoning, with Results of Treatment, J A M A 71 1045 
(Sept 28) 1918 
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only eight deaths, a mortality of less than 6 per cent These patients 
took from II /2 to 50 grains (009 to 3 25 gm ) of mei curie chlorid, 
usually in tablet form, or similar amounts by drinking a piepaied 
solution or eating mercuiic ointment In only fifteen patients did a 
complete suppression develop Of these, seven died, and in the other 
eight patients the secretion of uiine was established, and the patients 
recovered The patients who had the most difficulty were of the group 
that took over 30 grams ( 1 95 gm ) of mei curie chlorid, and those m 
whom the institution of treatment was delayed 

The vast majority of the patients placed on this treatment do not 
develop evidence of seiious kidney disease except for a moderate 
albuminuiia, which lapidly clears A free secretion of urine is main- 
tained The patient usually makes a clinical recovery in from twelve 
to fifteen days Examination of several of these patients a year after 
they were poisoned and treated did not show any abnormality that 
could be connected with the poisoning 
Cmcinnai' Geneial Hospital 



INSULIN IN THE SEVERER FORMS OF DIABETES 

WITH REPORT OF CASES 

L F FRISSELL. MD, and JOSEPH HAJEK, MD 

NEW YORK 

During the winter of 1922-1923, at St Luke’s Hospital, New York 
City, we had the opportunity to study the effect of insulin in thirty cases 
of diabetes, most of them seveie We report in detail thirteen in which 
the patients have been under long continued treatment 

Our work confirms the reports of the value of insulin in the treat- 
ment of diabetes in the publications of Drs Banting, Best and McCleod, 
and others of the Toronto group Our method in general has depended 
on whether there has been a dangerous amount of acidosis present or 
not In cases of coma or severe acidosis insulin was given immediately, 
and the ordinary methods of treatment, such as forced fluids by mouth 
or rectum with bicarbonate of soda in addition, were employed When 
only a moderate amount or no acidosis was present the patients were, 
in the earlier cases of our senes, rendered sugar free by dietary regu- 
lation before initiation of specific therapy In the former group, 
immediate examinations of urine, blood sugar and the alkali reserve in 
the blood by the Van Slyke method were made, and usually a moderate 
dose of insulin, from 10 to 20 units, was given befoie the results of the 
examinations were detei mined In these cases, the insulin was given at 
once, with orange juice or glucose, b)'^ mouth, by rectum or intravenously 
When patients did not show alarming acidosis an effort was made at ^-he 
start to render them sugar free on an under-nutrition diet, and later in 
the senes they were placed on a low diet usually containing 50 gm 
caibohydrate, 50 gm protein and, in the absence of acidosis, 50 gm of 
fat The patients were kept on this diet for a period of days until the 
sugar excretion was practically constant, in order to establish a prelimi- 
nary period in which a patient’s ability to utilize sugar without insulin 
administration could be determined 

Owing to the fact that the proteolytic ferments of the stomach and 
pancreas destroy insulin, this drug must be administered hypodermically 
or intravenously, and it is improbable for this reason that this mode of 
administration can be changed to the ordinary one by mouth Insulin 
must be given with definite relationship to carbohydrate intake, as its 
action is dependent on having carbohydrate on which to work Conse- 

* From the ifedical Seri ice, St Luke’s Hospital, New York City 
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quently, we have given it subcutaneously about fifteen minutes before 
meals with the idea that the absorption of the drug into the circulation 
and the carbohydrate from the digestive tiact would go on at 
approximately the same time 

Two things are necessary first, there must be glucose m the ciicu- 
lation on which the insulin may act and thus prevent the development 
of symptoms of hypoglycemia, second, a sufficient amount of insulin 
should be given to take care of the carbohydrate, thus keeping the blood 
sugar below the threshold of excretion Our ordinary procedure has 
been to determine the amount of sugai in the urine on constant diet, and 
to give the amount of insulin that will enable the body to utilize the 
same This is no easy matter as the number of grams of carbohydrate 
made available by a single unit of insulin is variable, depending on the 
degree of function of the individual pancreas, our low figure being 
09 gm , and our high figuie 23 gm The individual pancreas may vary 
m its insulin output so that what is true for the patient one day ma)^ 
not be true another da}'- In general, however, taking an average of 
3 gm per unit and using small doses with low diet to begin with, we have 
been able to control glycosuria rapidly and to get the patient back on a 
maintenance diet 

Blood sugar determinations were made on a fasting stomach ana at 
frequent periods after insulin administration Contrary to the rules 
obtaining in the ordinary treatment of diabetes, the high figures were 
invariably fasting, and the low figures were those following meals and 
insulin administration Consequently, when the single blood sugar was 
taken, we made our determinations two hours after lunch This was 
done to avoid the dangers of hypoglycemia, several cases of which have 
been observed by those working with this new agent The symptoms 
may vary from hunger, fatigue, sweating, feeling of nervousness or 
tremor, to convulsions and coma The more serious symptoms we have 
not personally observed, although some of our afternoon blood sugar 
determinations have been as low as 0 05 per cent These symptoms 
are speedily removed by the ingestion of carbohydrate, preferably 
orange juice, or in severer cases by glucose solution given by mouth, 
rectum or, if necessary, intravenously All patients discharged on 
insulin were instructed not only in the technic of calculating and 
weighing their diets and the analysis of their urine for sugar, but also 
concerning the possibility of the ad\ ent of the symptoms characterizing 
hypoglycemia and the nature of these symptoms They were also told 
to take orange juice if the symptoms were marked We have not 
considered it advisable to discard our preconceived notions of the effect 
of hyperghcemia and its consequent glycosuria in reducing pancreatic 
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function, as shown by Allen’s ^ work on experimental animals , we have, 
therefoie, not left in the urine the “sugar pad” to protect the patient 
against hypoglycemia from overdosage of insulin The problem thus 
resolves itself into keeping the blood sugar below the level of sugar 
excretion, which Williams states to be on an aveiage 180 mg per 100 
cubic centimeters although individual cases vary widely below and above 
this figure, and to avoid giving an insulin dosage so gi eat as to produce 
symptoms of hypoglycemia In certain instances it may be necessary to 
respace the insulin dosage, and even to give a small dose m the evening 
Oui ordinary practice, however, has been to give the largest dose before 
breakfast when the blood sugar is highest, and appi oximately equal 
doses before dinner and supper 

Sugar determinations in the urine have been made b> the Benedict- 
Osteiberg method by which sugar is demonstrated in normal urine in 
amounts var}ing from 1 gm or more a day The alkali reserve is cal- 
culated by the Van Slyke method, the total blood sugar by Benedict’s 
method and the total lutiogen by the Kjeldahl method 

The amount of glucose available to the body has been calculated m 
this senes by adding to the carbohydrates of the diet the amount of 
glucose theoretically available from the protein (58 per cent ) This 
we have calculated not from the protein of the diet, but by the unnary 
nitrogen as representing the total amount of protein actuall} metabolized 
in the twenty-four hour period While more accurate than direct calcu- 
lation from the diet, it is open to the disadvantage that urine collections 
must be exact We have also calculated 10 pei cent of the fat as 
available for the formation of glucose While the work of Lusk ^ makes 
it certain that in the absolute diabetic with a dextrose nitrogen ratio of 
the urine of 3 65 1 such metabolism of the protein molecule does take 
place, it IS not expeiimen tally established that this particular utilization 
of the protein molecule occurs in the normal person or in the person 
with mild diabetes The respiratory quotient, however, of the protein 
fed animal suggests that this is the case Consequently, we feel it fair 
to calculate our available glucose as stated above 

Case 1 — Hisforv — A man, aged, 22, single, a clerk, born in the United States, 
had had diabetes since September, 1922 He was admitted to the hospital on 
Dec 11, 1922, he was discharged on March 3, 1923 (He was then followed in 
the diabetic clinic ) In September, 1922, he had an alveolar abscess which 
ruptured and continued to discharge for two weeks, at the end of which time 
the tooth was finally extracted At about the same time he noticed weakness, 
lassitude and loss of weight Examination of the urine revealed sugar m large 
amount — 149 gm The patient had had malaria in 1918 His family history 
was negative 

1 Allen, F M Glycosuria and Diabetes, Cambridge, Harvard Universitj 
^Prcss 1913 

2 Lusk, G Elements of the Science of Nutrition, Philadelphia, W B 
Saunders Company, 1919 
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Physical Examination — Examination revealed marked undernutntion , it isas 
otherwise negative The patient iveighed 102 pounds (46 26 kg ) Sugar utiliza- 
tion In the preliminary period after the administration of sugar the plus 
balance was 6 

During February the utilization per insulin unit was 16, last week obsened 
utilization per insulin unit was 23 3 

Ti eaiment and Conisc — On the first day of admission to the hospital he was 
put on a diet of carbohydrate, SO gm , protein, 25 gm , fat, 20 gm , and on this 
diet excreted 149 gm of sugar For the next week an effort w^as successfully 
made to render him sugar free by undernutrition with four starvation days, yet 
during the first four days he show'ed sugar in his urine derived entirely from 
body protein, if we except the possibility that the excretion of the first day 
or two represents glucose previously ingested On the ninth day, he was gnen 
9 units of insulin and a diet of carbohy'drate, 50 gm , protein, 50 gm , fat, 50 gm 
He remained sugar free from that time on a diet gradually increased to from 600 
to 3,000 calories with 200 gm of available glucose on the same insulin dosage The 
blood sugar remained between 95 and 125 mg Fatigue and lassitude disap- 
peared when a maintenance diet w'as attained His weight increased from 100 
to 122 pounds (45 35 to 55 33 kg ), and for the past two months he has resumed 
his w'ork,weighing his food, analyzing his urine and administering insulin to 
himself 

Comment — We have here the problem of an absolute diabetic, cer- 
tainly so when fiist obseived, his diet foi the first day furnishing a pos- 
sible 64 gm of sugar, while the excretion was 149 gm , the excess of 
nitrogen of urine ovei nitrogen of food being 6 7 gm We can thus 
assign 64 gm of sugar to his diet, 25 gm as derived from destruction 
of body protein (a loss of 418 gm ), while the lemainmg 60 gm 
represent carbohydrate previously ingested Not until the fifth day 
did the dextrose nitrogen ratio of the urine reach 2 1, the urinaiy 
sugar still being derived in part from body protein Yet this patient. 
fi^e months later was able to utilize 220 gm of sugar on 9 units of 
insulin or, if Ave calculate in the ordinar} way, of sugar utilizable before 
and after insulin, 23 3 gm per unit Does this figure represent the 
truth, or has a restoiation of pancreatic function taken placed The 
latter seems far more probable than that the insulin unit has been able 
to cause directly the burning of such increasing amounts of carbohy- 
drate In no other case in the series has the pancreatic function thus 
increased The history too is significant, as s}mptomatic diabetes 
followed a tooth infection of severe nature, and it is probable that the 
pancreatic function if previously impaired was much damaged by the 
infection 

A complete laboratory report of this case, during the patient’s stay 
in the hospital, is gnen below, in addition to the graphic charts (Figs 
1, 2, 3 and 4) 

Case 2 — Histoiy — man, aged 20, single, a chauffeur, born m the United 
States, had had diabetes for one and one half years He w'as admitted to the 
hospital on March 22, 1923 He said he thought diabetes follow'ed an auto- 
mobile accident On January 23 he consulted a physician because he was 
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Fig 1 (Case 1) — Daily graphic of insulin administration, food intake, sugar 
excretion in urine and amount of glucose utilized, also blood sugar curve, carbon 
dioxid in blood and the weight of the patient from Dec 20, 1922, to Jan 6, 
1923, weight December 20, 102 pounds (4626 kg) 



Fig 2 (Case 1) — Same data as in Chart 1, for period January 7 to 24 
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Fig 3 (Case 1) — Period from Januarj' 25 to February 11 
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Fig 4 (Case 1) — Period from February 1? to May 12, weight, Ma^ 12 122 
pounds (55 33 kg ) 














238 


ARCHIVES OF INTERNAL MEDICIAE 


losing weight rapidly A diagnosis of diabetes was made The patient had had 
measles, scarlet fever and pneumonia in childhood His family history was 
negative 

Physical Examination — This revealed nothing of importance, except two bad 
teeth, which were removed On admission to the hospital he weighed 98 pounds 
(4245 kg), on May 1, 1923, 112 pounds (50 8 kg) Sugar in the urine was 
20 gm , blood sugar, 300 mg 

Treatment and Couise — ^As the patient was much emaciated, he was put on 
insulin immediately, and the diet was rapidlj increased to a maintenance value 
of 2,000 calories, the insulin dosage was increased simultaneously from 15 to 
45 units The patient was an unintelligent person who constantly stole food in 
spite of gam m weight and a sufficient diet, so that we regard the outcome of 
his case when discharged from the hospital as problematical Tooth infection 
was present in this case also 

Case 3 — Histoiy — A man, aged 31, married, a clerk, born m Russia, had 
had diabetes for one year He was admitted to the hospital on Jan 8, 1923, and 
discharged on March 22, 1923 The patient had the usual symptoms of diabetes 
He had had an appendectom}’- performed m 1921 There were no other infec- 
tions The family history could not be obtained His parents were in Russia 
Physical Examination — The examination was negative The patient’s weight 
on admission was 94 pounds (40 63 kg), weight on discharge, pounds 

(46 03 kg ) The sugar content of the urine was 70 gm , the blood sugar, 65 mg 
Treatment and Couise — The patient was put on a low diet, and on account 
of acidosis fat was excluded He was stan'ed on the sixth and seventh days, 
becoming practically sugar free Twelve units of insulin were given on the 
ninth day on a diet of carbohydrate, 25 gm , protein, 50 gm , fat, 50 gm On 
12, and later 9 units of insulin, the diet was increased to 1,560 calories, and 
finally to 2,250 calories, with an insulin dosage of 18 units, rendering him 
not quite sugar free The case was complicated by a tendency to steal The 
weight increased gradually As he was a person of low intelligence, an effort 
was made after two months of treatment to put him on a diet of 1,300 calories 
without insulin Sugar, however, reappeared on this diet, and on his own 
insistence he was sent home on insulin, but he has not reported to the follow-up 
clinic His case is of importance as illustrating the difficulty of treating a 
diabetic patient who will not cooperate, and whose grade of intelligence is low 
Case 4 — Histoiy — A man, aged 47, married, a policeman, born in Ireland, 
had had diabetes since September, 1922 He was admitted to the hospital on 
Nov 20, 1922, he was discharged on Jan 26, 1923 He had had no infectious 
diseases He took whisky ei ery day His famil}'^ history was negative 

Physical Examination — This revealed nothing of importance but an enlarged 
liver 

Treatment and Couise — He was given insulin from Dec 18, 1922, to Jan 18, 
1923, receiving 9 units the first two days, 12 units the next twelve da>s, 15 
units for the next six days and 18 units for the remaining 9 days His weight 
on admission was 170 pounds (7711 kg), weight on discharge, 166 pounds 
(75 29 kg ) He was sugar free on 1,520 calories and 50 gm of carbohydrate 
While on insulin, the patient was receiving a diet consisting of 70 gm of carbo- 
hydrate, 100 gm of protein and 190 gm of fat On January 18, insulin was 
stopped, and the diet changed to 50 gm of carboydrate, 60 gm of protein and 
140 gm of fat, on which he remained sugar free He is being followed in the 
diabetic clinic and is sugar free at the present time on more or less the same 
diet 

Comment — The patient in the foregoing case is of interest because 
he shows slight increase in pancreatic function aftei a month's treatment 
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with lather small doses of insulin On a diet of 1,610 calories he was 
able to utilize 92 gm of glucose, on the same diet m the after period he 
utilized 104 gm , a gain of 12 gm a day Sugar utilization dui mg the 
preliminary period was 91 gm , last ^^eek observed, 123 gm , aftei 
period, 104 gm , per insulin unit, 1 7 gm 

Case 5 — Htslojy — A woman, aged 33, married, a clerk, liorn m the United 
States, had had diabetes for six years From 1911 until 1918 she was subject 
to frequent attacks of quinsy sore throat She remembered having quinsy on 
Thanksgiving da)', 1917, and again in Februar\, 1918 In March she \\as said 
to have had diabetic coma She was told by a ph)sician, in 1917, that she had 
diabetes In June, 1918, her tonsils were reinored, since then she had felt much 
better She had had measles, scarlet fever and whooping cough when a child 
She had been married for fifteen )ears She had two children, aged 9 and 12, 
respectively She had had a therapeutic abortion because of diabetes in Ma), 
1918, no miscarriages Her father died of diabetes at the age of 45 Other- 
wise the family history was negative 

Fvst Admtssioii — She was admitted on Aug 2, 1922, and discharged on Aug 
19, 1922 She showed 3 per cent of sugar m the urine and 200 mg of blood 
sugar and a faint trace of diacetic acid and acetone Her weight on admission 
was 120 pounds, weight Aug 12, 1922, IUVj pounds (53 29 kg ) The patient 
became sugar free in three days on a diet consisting of 50 gm of protein, 50 
gm of carbohydrate, and 50 gm of fat, with one starvation day She was dis- 
charged on August 18, receiving 100 gm of carl)ohydrate 100 gra of protein 
and 120 gm of fat, showing a faint trace of sugar in the urine In the diabetes 
clinic, where she w’as under observation up to her second admission, examination 
revealed sugar at intervals 

Second Admission — The patient w'as readmitted on Dec 11, 1922, and put on 
insulin medication on Dec 19, 1922 

Physical EAaimnatwn — The examination W'as negative The patient’s weight 
on Dec 15, 1922, was 11SI4 pounds (52 38 kg ) , her w'eight on May 1, 1923, w'as 
124 pounds (5624 kg) 

Treatment and Coni sc — On her readmission she w'as rendered sugar free 
b) undernutrition The diet was not a maintenance one, shownng a tolerance of 
66 gm of sugar on a diet of 1,000 calories The blood sugar, how'e\er, varied 
from 170 to 214, a high threshold The patient w'as, therefore, put on a small 
dosage of insulin, 3 units a day, wdiich w'as increased with the increase in her 
diet to 12 units when on the twenty-fourth da) she show'ed slight symptoms of 
insulin shock wuth a blood sugar content of 76 on a diet of 1,350 calories The 
svmptoms consisted of nervousness, tremor and sweating w'hich disappeared 
rapidly after the administration of a glass of orange juice During the subse- 
quent tw'o days she was kept on a 9 unit dosage, the blood sugar rising to 182 
mg in the morning and 166 mg in the afternoon, when she was again gnen 12 
units of insulin without having an) s)mptoms As she continued to lose weight 
on this diet, the number of calories in her diet was increased, first to 1,860, then 
to 2,295 on February 3, wuth an insulin dosage of 18 and finally 29 units The 
course of her disease has been interrupted by se\eral diarrheal attacks, and at 
present she is on a diet containing 120 gm of ai ailable glucose Her carbo- 
Indrate utilization per insulin unit has varied with different lots of insulin — 
3 5, 24, 1 6, 3 5, 32, 32, 29 and 3 gm 

Comment — The patient had a moderateh seteie diabetes, but could 
not maintain herself sugar free on a maintenance diet On a somewhat 
large dosage of insulin she is nou maintaining herself, and instead of 
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being in liei previous condition of emaciation is approximately of normal 
weight She is able to do her work without fatigue, and has thus 
legamed her economic status 

Case 6—Htstoiy — A woman, aged 50, a widow, a housewife, born in Austria, 
had had diabetes for seven years She was admitted to the hospital Jan 2, 1923, 
and discharged on March 8, 1923 She complained of inability to walk because 
of severe pain in her left knee She had had measles, diphtheria, whooping 
cough and frequent attacks of cold and sore throat, especially during the last 
seven years She had been married for twenty-five years She had never been 
pregnant Menopause occurred at the age of 47 Her father had died of 
diabetes at the age of 60 Her mother was living and well Two sisters and 
one brother were well One sister had diabetes Her husband died of blood 
poisoning 

Physical Examination — ^The patient had large, infected tonsils (operation 
refused) and evidences of osteo-arthntis in both knees There was also a low 
grade infection of the sinuses Her weight on admission was 125 pounds 
(56 69 kg ) , on discharge it was 129 pounds (58 31 kg ) Sugar content of the 
urine was 50 mg , blood sugar, 250 mg 

Treatment and Coinse — In the hospital she was kept on a low diet for ten 
days with one day of actual starvation, with the result that at the end of that time 
on a diet of 260 calories with 43 gm of available sugar she was excreting 12 
gm of sugar m the urine with a blood sugar content of 232 mg She was then 
given insulin — at first 9 units and later 12 units , the diet was gradually 
increased to 2,000 units with 138 gm of available sugar , she was then sugar free 
with a blood sugar of 130 mg 

Comment — This patient also presents the clinical picture of a severe 
diabetes, manufacturing sugar from her body piotein on a low diet 
Her condition was easily controlled by small doses of insulin The 
sugar utilization of her prehminaiy period was 32 gm , during February, 
5 gm of carbohydrate utilization per insulin unit, and on discharge 
7 7 gm per insulin unit, showing in all probability an inciease in 
pancreatic function 

Case 7 — Histoiy — A school girl, aged 8, born m the United States, was 
admitted to the hospital on Jan 25, 1923, and discharged on April 18, 1923 
Three months prior to admission the three youngest of the six children in the 
family became jaundiced (In the same school there were also fourteen other 
cases of jaundice) The jaundice lasted for about one month, when the three chil- 
dren developed a ravenous appetite and drank large quantities of water All three 
began to lose weight rapidly, m spite of the fact that they were consuming large 
amounts of food Two weeks after the jaundice cleared up the three children 
came down with scarlet fever Examination of the urine made at that time 
revealed 2 per cent of sugar for the other two children, while Rose had 5 per 
cent with a polydipsia and polyphagia Apparently this dated from the onset 
of the jaundice This child had had measles at the age of 3 weeks, chickenpox 
and whooping cough at the age of 3, German measles when 4 years old and 
mumps at the age of 6 All three children were admitted to St Luke’s Hospital 
The other two had a mild form of diabetes, and are now sugar-free on a mod- 
erately restricted diet 

Physical Examination — Physical examination of Rose was negative Her 
weight on admission was 35 pounds (1587 kg ) , on discharge it was 42% pounds 
(1939 kg) The sugar content of the urine was 42 mg , the blood sugar, 8- 
mg Sugar utilization during the preliminary period was 64 gm Sugar utiliza- 



FRISSELL-HAJEK—1 INSULIN 


241 


tion during last week obser\ ed w’as 133 gm Sugar utiliration per insulin unit 
was 8 gm On admission she was passing 42 gm of sugar on a diet giving her 
51 gm of available sugar The blood sugar was 182 mg , carbon dioxid 
content, 44 

Ticatiuott and Couisc — On the third daj she W'as gi\en 4 units of insulin 
to control acidosis, and on the thirtieth daj her blood sugar was 120 mg , the 
carbon diovid content w'as 52 mg The diet was rapidlv increased to a 
maintenance diet of 2,020 calories containing 145 gm of a\ailable sugar At 
this time she w^as receiving 8 units of insulin a day Her total gain m weight 
w^as 10 pounds (4 5 kg), and instead of being an emaciated, unhappy child she is 
now a normal little girl At the time of discharge she had a little sugar in the 
urine, probablj' due to stealing — a trick she had learned from tw'O little boys in 
the w'ard 

Comment — The inteiesting fact about the famil}^ in Case 7 is the 
development in three of its members of diabetes following infectious 
jaundice, of whom a girl aged 8 had the only seveie case The blood 
sugai cur^es aftei glucose ingestion of tbe othei two, howevei, were 
typically diabetic, although they were leadily kept sugar free by 
model ate restiiction of diet, simply eliminating sugai and sweets We 
wish to emphasize the fact of the impoitance of acute infections m 
lelationship to the onset of diabetes 

Casc 8 — Histoix - — A school boy, aged 7, born in the United States, had had 
diabetes for three years He had had tw'o previous admissions, and w'as dis- 
charged, sugar free, on a fairly good tolerance of carbohydrate, 60 gm , fat 
60 gm , and protein, 90 gm , but at home he would not live on his diet, and he 
W'as readmitted on Sept 9, 1922 After an unsuccessful effort to render him 
sugar free by undernutrition, he w'as put on a diet of approvimately 1,000 
calories, showung sugar continuously, and with a blood sugar of 182 mg He 
had been reduced to a skeleton, weighing 40 pounds (1814 kg) His father 
W'as living and w'cll , his mother died of pneumonia , his aunt had diabetes 

Physical Examination — The examination w'as negative except for extreme 
undernutrition 

Ticatmcnt and Couisc — ■When insulin became available, he was kept on a 
1,000 calor} diet, and on this show'ed glucose utilization of 61 gm , although 
he was passing at the time from 40 to 60 gm of sugar in his urine He had 
been an inveterate stealer of food, and for that reason w'as kept for the first 
SIX w'eeks of the insulin experiment in a room by himself under lock and kev 
On an insulin administration of 9 units he was rendered sugar free, on a diet 
containing 1,500 calories and 123 gm of available sugar, his blood sugar falling 
from 182 to 125 mg , and at times in the afternoon as low as 55 mg without 
symptoms of hypoglycemia The diet w'as gradually increased, until at the 
end of April he was receiving 2,100 calories on 27 units of insulin a day, 
show'ing, how'e^er, at times 5 gm of sugar His w'eight, which had been low', 
continued so until nitrogen equilibrium was established, at w’hich time he was 
getting a diet of approximately 1,600 calories, from w'hicli time on it rapidly 
increased until on his discharge he weighed 64^4 pounds (2925 kg) His 
stealing propensitv, how'ever, made the case difficult On one occasion he even 
forged his diet orders It is therefore not surprising to find that at the mid- 
period, when not perfectly controlled, his utilization per insulin unit v'aried 
He took care at one time of 7 gm of glucose per unit in the period from Feb- 
ruarv 13 to Februarj 20, 3 gm , and in the period from April 25 to 30, 4 gm per 
unit He IS now at home on insulin treatment perfectly trained in the simple 
anahsis of his urine and in the calculation of his diet 
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Comment — Tieatment of this patient will piobably not be success- 
ful, as in spite of an overbbeial diet on which it seemed wise to put him 
he will probably take additional food Although he had severe 
diabetes and his pancreatic function had been much impaired by dietary 
excess, he was perfectly amenable to treatment Incidentally, this is the 



Figure 5 Figure 6 Figure 7 


Fig 5 (Case 8) —Taken Dec 20, 1922, before administration of msulm 
Weight, 40 pounds (18 1 kg) Note extreme undernutrition and facial 
expression 

Fig 6 (Case 8) — Jan 29, 1923, weight, 48k> pounds (219 kg ) 

Fig 7 (Case 8) —March 10, 1923, weight, 55 pounds (24 9 kg) Weight 
May 1, 1923, was 641/2 pounds (29 2 kg ) 
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one patient in our sei les who show ed an anaphylactic reaction eonsisting 
of marked urticaria In this case one of the earlier preparations of 
insulin was used The condition was rapidly controlled b} desensitiza- 
tion with fi actional doses, after which insulin w'as again administered 

Casl 9 — Hisloiy — A. woman, aged 53, single, a housewife, born in France 
had had diabetes since 1913 She was admitted on March 3. 1923, in coma, 
wnth signs of lobar pneumonia She was discharged on April 25, 1923 She 
had been subject to attacks of asthma since she w'as 20 years old Her last 
attack occurred in 1920 Since then she had been free from attacks She had 
diphtheria when she w'as 20 years old Her tonsils had been removed at the 
age of 21 She had had a carbuncle in 1922 Her mother’s aunt had diabetes 



Fig 8 (Case 9) — Patient m coma on admission, showing 66 gm of sugar 
m urine, 333 mg in blood, carbon dioxid 26 per cent bj \olume, acetone and dia- 
cetic acid 4+ with physical signs of lobar pneumonia At the end of ten days, 
during w’hich she received 700 units of insulin as shown abo^e she was able to 
utilize 80 gm of glucose, the blood sugar fell to 125 mg , the carbon dioxid rose 
to 72 per cent bj \olume, acetone and diacetic acid were 1+ On klarch 20, the 
patient was free from acidosis 

Her grandfather had died in an attack of asthma On March 26, 1923, she 
weighed 117 pounds (5307 kg), on Ma^ 12, 1923, 126 pounds (5715 kg) 
Physical Examination — Examination re\ealed pneumonia of the right middle 
and lower lobes Sugar utilization during the prelimmarj period was 35 gm , 
sugar utilization during last week obsereed, 105 gm , sugar utilization per 
insulin unit, 1 4 gm 

Ticatmcnt and Com sc — She was admitted to the hospital in coma with a 
Group IV pneumonia, a blood sugar content of 333 mg, and a carbon dioxid 
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content of 26 Forty units of insulin were given at once On a dosage of 110 
units of insulin daily the acidosis was controlled within forty-eight hours, the 
pneumonia running its usual course with defervescence on the eighth day 
During the acute illness the diet at first consisted of gruel and orange juice, 
later milk was added, and on March 12, the patient was put on a solid diet 
of carbohydrate, SO gm , protein, 50 gm , fat, SO gm , this was subsequently 
increased to 2,200 calories with 165 gm of available sugar May 12, she had 
been sugar free for a month, with a blood sugar of 111 

Comment — The case is one of those almost invariably fatal when 
treated by the old method — a coma complicating a severe acute infec- 
tion — and shows that with insulin the coma may be relieved when the 
infection runs its ordinary course 
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Fig 9 (Case 9) — The progress of the patient from March 23 to May 12, 
giving daily dose of insulin and the diet, showing also the amount of glucose 
utilized, the blood sugar curve and the weight 


Case 10 — Htstoiy — A school boy, aged 8, born in the United States, had 
had diabetes for one year He was admitted to the hospital on April 13, 1921, 
and discharged on June 30, 1922 A month prior to admission he had had an 
attack of German measles which had lasted several da 3 'S After recovery his 
mother noticed excessive thirst, hunger and polyuria, with gradual loss of weight 
and drowsiness He was taken to a physician, who made a diagnosis of diabetes 
The family history was negative Past historj' was negative, except for German 
measles 

Tieatinent — The patient was discharged from the hospital sugar-free on a 
diet consisting of 120 gm of fat, 70 gm of protein and 150 gm of carbohydrate 
He was followed up m the pediatric clinic and on December 22, the Klebs- 
Loffler bacillus was found in his throat He was sent to a municipal hospital, 
where his diet was neglected The diabetes became much worse, and acetone 
appeared in the urine again m Januarj', 1923 He was readmitted to the hospita 









Fig 10 (Case 10) — Patient admitted in coma at 8 30 a m , on Jan 29. 
1923 Observe rapid fall of blood sugar from 445 mg to 77 mg and rise of car- 
bon dioxid from 118 to 52 per cent by volume following administration of 185 
units within tw'cnt\-four hours wdien he came out of the coma 



Fig 11 (Case 10) — Progress of the patient from Februarv 7 to Fcbruarj 24 
Note marked increase in diet 
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Fig 12 (Case 10) — Period from February 25 to March 14 
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Fig 13 (Case 10) —Period from March IS to May 8 The patient was now 
utilizing 155 gm of glucose, dail}’^ dose of insulin, 18 units, increase in weight 
since February 7, IS pounds (6 8 kg ) 
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for the second time m coma His weight on admission was 46 pounds (2086 kg) , 
the carbon dioxid content of the blood was 118 His w'eight on discharge, 
Maj 8 1923, w as 61 pounds (27 66 kg ) the carbon dioxid content of the blood 
was normal He was then put on a diet consisting of 90 gm of protein ISO gm 
of tat and 120 gm of carbohydrate The sugar utilization during the pre- 
l]minar\ period was 40 gm sugar utilization per insulin unit during February 
was 5 2 gm , during April, 6 6 gm 

Tuatment and Couisc — The patient was admitted on January' 29, in coma 
with a blood sugar content of 445 mg and a carbon dioxid content of 118 
per cent bA \olume He was gnen 10 units of insulin before the results of 
the examination of the blood w'ere learned Then 30 units more w'ere given, 
at noon the blood sugar had fallen to 273 mg and the carbon dioxid content 
had risen to 13 7 At 3 p m , 20 units of insulin were gnen, and an hour later 
as he was still in coma 75 units w'ere gnen As the blood sugar had fallen 
to 208 mg and the carbon dioxid content had risen to 38 5 at 11 p m , 50 more 
units were gnen with 20 gm of glucose The total dose for tlie day was 
therefore 185 units The following forenoon the boy was awake but restless 
and sweating The blood sugar content was 77 mg and the carbon dioxid 52 
Tweiiti gm of glucose were gnen, the blood sugar content rising by after- 
noon to 300 mg, and carbon dioxid to 576, when 3 units of insulin w'ere gnen 
The patient was fed during the day on oatmeal gruel An interesting com- 
plication, the onl\ one obseried in our series was a hematuria, which w’e 
attributed to the cresol used m prcsening the drug at that time, insiilin-Lilly, 
H-5, containing 5 units per cubic centimeter, thus necessitating the injection 
of large amounts ot fluid — 37 cc m one day As he was able to utilize in a 
preliminary period 40 gm of sugar, a daily dosage of 9 units increased to 30 
in a few daAS rendered him sugar free by February 8, and he was finally 
stabilized on a diet of 2110 calories w'lth 160 gm of aiailable carbohydrate 
on 18 units of insulin daily (See charts ) 

Comment — The foregoing case is interesting as illustrating a coma 
due to dietary excess in a child u ho pre\ lousl) had had good tolerance 
Large doses of insulin were required to reduce the acid poisoning, and 
it IS to be noted that eten with the administration of glucose and orange 
juice a mild carbohydiate shock w'as produced at a blood sugar le\el 
of 77 mg , rehe\ ed by glucose solution It is also of interest to note that 
in this case a blood sugar of 50 mg was unattended by symptoms In 
this case also an infectious disease — German measles — is said to have 
preceded the onset of diabetic symptoms 

Case 11 — Htsioiy — A woman, aged 55, single, a seamstress, born in the 
United States, was admitted to the hospital in a coma on Jan 2, 1923 She 
died on Jan 3, 1923 No history was obtainable ,, 

PIiys:ca} Lxamiuaiion — The patient had a w’ell dcA eloped bronchopneumonia 
Laboratory findings There w'ere 533 mg of blood sugar per 100 c c , the 
carbon dioxid tension was 10 Three hours before death the blood sugar content 
W'as 230 mg and the carbon dioxid tension 25 

Tjcatmcnt and Course — ^The patient was admitted in a coma at 8 30 p m, 
dangerously ill with bronchopneumonia Fifty units of insulin were at once 
administered, with 20 gm of glucose, the blood sugar was 533 mg , carbon 
dioxid, 10 As there w'as no impro\ ement, 50 units w ere again given at midnight, 
and this dosage w'as increased by another 50 units at 4 a m , at this time blood. 
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sugar content was 440 mg Fifty units were again given at 9 a m and 75 at 
3pm, with a drop in the blood sugar to 230 mg and a rise in carbon dioxid 
to 25 The total insulin dosage was 275 

Necropsy — Necropsy revealed bronchopneumonia of the right middle and 
lower lobes, arteriosclerosis and fibromyoma uteri 

Comment — This case is of value as illustrating an excellent chemical 
result — a diop in blood sugar from 533 to 230, a rise m caibon dioxid 
tension from 10 to 25, with a great diminution of the ketonuiia Death, 
however, resulted from the pneumonia, which of course was in no way 
influenced by the insulin treatment 



Fig 14 — Data in Case 12 

« 

Case 12 — History — A man, aged 54, a letter carrier, born in Ireland, had 
had diabetes for five years He was admitted to the hospital on May 1, 1922 
He was discharged on June 17, 1922, on a diet containing 84 gm of protein, 
84 gm of fat and 76 gm of carbohydrate The patient was followed in the 
diabetic clinic He was readmitted to the hospital on April 2, 1923, with a 
carbuncle of the neck which had started five days prior to admission His 
past history was negative, except for bad teeth His family history was negative 

Physical Examination — On the second admission he had a large carbuncle 
at the back of his neck, and a temperature of 103 F A blood culture contained 
Staphylococcus albus 

Treatment and Course — ^The patient was admitted with a carbon tension 
of 26, which rose to 60 on April 9, and remained normal until he died When 
first seen by the medical division he was given insulin, at first 25 units daily 
and then 45 and 60 units While acidosis was rapidly relieved on this treatment 
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on a diet of 100 gm of carbohydrate, 50 gm of protein and later 50 gm of 
fat, he succumbed later to a blood sepsis He was operated on April 4 — a 
simple crucial incision and packing He died on April 19, 1923 

Ncciopsv — Necropsy re\ealed bronchopneumonia with multiple abscesses 
throughout the entire lung The heart showed fibrinous pericarditis The 
spleen was large, soft and of the septic t 3 pe Both kidnejs contained a number 
of small abscesses 

Comment — This case admirably illustiates chemical impiovement 
AMthout effect on the underlying infection 

Case 13 — Hisiotx — A man, aged 56, married, a tradesman, born in Germany, 
had had diabetes since 1910 He was admitted to the hospital on Nov 10, 1922 
In Januarj, 1921, his left toe became sore and later black His left foot was 
amputated at the lo^\er third of the tibia, in September, 1921 The right toe 
became sore m Maj, 1922, and black m December, 1922 He had had no 
infectious diseases His teeth started to decaj-^ rapidly about 1910, when diabetes 
started 

Physical Examination — Evamination revealed an enlarged liver, a gangrenous 
toe and marked arteriosclerosis His left leg had been amputated at the lower 
third of the tibia 

Treatment and Com sc — He was put on insulin treatment on Jan 4, 1923, to 
Jan 18, 1923, when it was stopped because of the low supply Insulin treat- 
ment was started again on March 5, and continued until March 31 His weight 
on January 4, was 110 pounds (49 89 kg) and it is now 117 (5307 kg) The 
gangrenous toe of his right foot is about ready to fall off 

Continent — This case of diabetes was of long standing, but on a 
maintenance diet of 1,760 calories the patient was maintained sugar free 
He was put on insulin treatment with the idea of performing a surgical 
operation His reaction to insulin, howevei, was less marked than m 
any case in our series, 1 unit enabling the utilization of only 0 9 gm of 
glucose As It was decided that it was better to permit his gangrenous 
toe to slough off than to amputate above the knee, he was put back on 
his maintenance diet, and is still in the hospital 

COMMENT 

111 our senes there have been six cases of diabetic coma, only one 
uncomplicated bj- an infection Infections whose couise lasted for 
twenty-four hours were all influenced chemically by insulin treatment, 
but the patients succumbed to the infection, with the exception of the 
patient with pneumonia reported above (Case 9), who made a perfect 
recovery, and is now sugar free The patient wuth the uncomplicated 
case recovered, making a percentage of recovery m the senes of 33% 

Of the series, theie is a history of diabetes immediately after an 
acute infection in six cases The cases of the thiee children in Case 7 
are particularly striking, and followed an infectious jaundice Case 10 
followed measles and Case 1 a tooth infection It has long been recog- 
nized that an acute infection causes a rapid exaceibation of diabetic 
symptoms, but we feel that the possibility of diabetes lesultmg from the 
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loss of the pancreatic function secondary to an infection has been 
neglected, and urge the collection of data on this point Epithelial 
gland infections following the ordinary infectious diseases of childhood 
are common enough phenomena, as for instance orchitis in mumps 

SUMMARY 

1 Insulin tieatment will invariably raise the carbohydrate toleiance 
both in mild and in severe diabetes 

2 Acidosis even in its severe form of coma can often and perhaps 
usually be coiiti oiled, if uncomplicated by infection 

3 In certain instances the pancreatic function seems not only to be 
spared, but also to be increased by insulin treatment 

4 Hypoglycemia, while a real danger, can readily be guai ded against 
and overcome b}'^ balancing the diet against insulin administration 

5 Diet must be more carefully maintained than in the case untreated 
by insulin 

6 Education of the patient, both in the calculation of his diet and 
the simple analysis of his urine, and in the symptoms of hypoglycemia, 
must be insisted on This piocedure is by no means as difficult as it 
appears, and any ordinarily intelligent person can be sufficiently 
instructed 



CLINICAL STUDIES OF DIGITALIS 

I EFFECTS PRODUCED BY TIIL ADMINISTRATION OF MASSIVE 
DOSAGE TO P-VTIENTS WITH NORMAL MECHANISM 

DREW LUTEN, MD 

ST LOUIS 

It has long been known that the administration of digitalis to patients 
with heart disease produces striking clinical improi enient in many cases 
Students of caidiology have long been occupied with two closely related 
problems (o) z differentiation of those cases that are impioved, from 
those that aie not benefited by the drug, (h) an explanation of its 
action, and an understanding of the mannei in which it pioduces 
impiovement Little progress was made towaid a solution of these 
pioblems until lecent years, and even now, although advancement has 
been lapid, no more than a fair beginning has been made 

A few facts have been established It is well known that digitalis 
causes considerable delay in auriculoventi icular conduction in many 
patients, and careful studies^ haie indicated that prolongation of a-v 
conduction of gi eater oi less degiee is a constant effect of the drug in 
all cases The exact mechanism by which this depression of conduction 
IS brought about, or rather the degiee to which the contributing factors 
aie responsible, is not yet completely understood in all its details That 
It IS, however, responsible foi the ventricular slowing which is pro- 
duced by the administration of digitalis to patients with auiiculai fibril- 
lation and icipid ventiiculai late, there seems to be little reason to doubt 
That this ventricular slowing by piolonging diastole, both relative!} 
and absolutely, results in inci eased cardiac efficiency, can hardly be 
questioned, for slowing paiallels improvement in symptoms, and on 
withdrawal of the drug, increased venti icular late is attended by a 
lecuiience of the symptoms of impaired circulation Theie is, then, 
general agreement that digitalis causes improvement in patients with 
auricultu fibrillation by pioducing ventricular slowing through a 
depiession of a-v conduction, thus allowing the ventricle moie rest 
But IS this the sole factor in the improvement in such cases ^ Is there 
any othei action of the drug that exeils a favorable influence in cases 
of auriculai fibi illation, in addition to its action on the conducting 
tissues by viitue of which it pioduces slowing of the venliicle^ 

* Read before the Saint Louis Medical Society, May 22, 1923 

’’’From the Department of Internal Medicine, Washington Universitj 
School of Medicine 

1 Cohn, A E Clinical and Electrocardiographic Studies on the Action 
of Digitalis, J A M A 65 1527 (Oct 30) 1915 
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Robinson,- m estimating the rapidity and persistence of the action 
of digitalis on hearts showing auricular fibi illation, based his con- 
clusions entirely on the occurrence of ventricular slowing and made 
this the sole criterion in his determinations No other evidence of any 
beneficial action can be so readily demonstrated on patients No other 
criterion of effect can be so easily applied as a determination of changes 
in rate Lewis ^ finds no evidence of any “other important action of 
the drug on the human heart” and attributes the beneficial effect of 
digitalis m such cases solely to the slowing of the ventricle through 
depression of a-v conduction 

This view takes no account of any favorable action of the drug 
directly on the ventricular muscle, and hnuts the thcjapeutic use of 
digitalis, geucially speaking, to cases that exhibit fibi illation of the 
aw icles MacKenzie ^ holds practically the same opinion, although 
he thinks that in cases of heart failure which are not associated with 
auricular fibrillation, digitalis should be tried, since “we are forced to 
try all sorts of remedies” and “drugs of the digitalis group offer the 
best prospects ” 

Directly opposed to this view is the opinion held by most clinicians 
and by certain eminent investigators Eggleston,"’ Pratt,® Christian,^ 
and West and Pratt ® have all noted evidences of favorable action from 
the administration of digitalis to patients with normal rhythm 

In view of such diversity of opinion, then, the question of the bene- 
ficial effect of digitalis in patients with normal cardiac mechanism 
seemed to demand further study Particularly was this true since the 
problem is attended by difficulties greater than are encountered in a 
study of Its action in auricular fibrillation, and since an accurate esti- 
mation of Its effects in patients with normal mechanism is more difficult 
to reach It is evident that no benefit in cases with normal mechanism 
can be expected to result generally speaking from that action of digi- 
talis to which IS usually ascribed its beneficial result in fibrillation of the 
auricles No depression of a-v conduction will produce ventricular 
slowing in cases with normal mechanism (unless heart block be 
induced) , and any effect on the musculature that might increase the 

2 Robinson, G C The Rapiditv and Persistence of the Action of Digitalis 
on Hearts Showing Auricular Fibrillation, Am J M Sc 159 121 (Jan ) 1920 

3 Lewis, Sir Thomas On Cardinal Principles m Cardiological Practice, 
Brit M J 2 621 (Nov IS) 1919 

4 MacKenzie, Sir James Principles of Diagnosis and Treatment in 
Heart Affections, Oxford Medical Publication, 1918 

5 Eggleston, Cary Digitalis Dosage, Arch Int Med 16 1 (July) 1915 

6 Pratt, Joseph H Digitalis Therapy, J A M A 71 618 (Aug 24) 1918 

7 Christian, H A Digitalis Therapy, Satisfactory Effects in Cardiac 
Cases with Regular Pulse Rate, Am J M Sc 157 593 (May) 1919 

8 West, H F , and Pratt, Joseph H Clinical Experience with a Standard- 
ized Dried Aqueous Extract of Digitalis, J A M A 75 77 (July 10) 1920 
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efficiency of the ventncle is difficult to measure Dependence must be 
placed on an} indnect cMclence of benefit that may be shown in these 
cases The eftect of any coincident factor whose influence is known 
to be favoiable, such as rest in bed, must be eliminated 

The \alue of most of the clinical studies that have been made of 
the problem has seemed to be impaned by the failure of the mvestiga- 
tois to supply sufficient quantitative estimations of the beneficial effects 
of rest In older to justify the conclusion that any impiovement that 
follows the administration of digitalis is due to the action of the drug, 
there must be a clear idea of the patient's iate of pi ogress before the 
drug was gl^ en , and it must be shown that this rate of improvement 
uas accelerated after the administration of the drug Quantitative data 
must be supplied rather than the impiessions obtained by the mvestiga- 
toi A statement of the output of urine or of the exact heart rate 
before the patient was given digitalis, and similar data for the period 
following, cairy more conviction than the mere statement that diuresis 
or that slowing did or did not occm 

It appeared that data of this sort were inadequate m most of the 
studies referred to above that indicate a beneficial action of the drug, 
particularly m view of the opposite opinion held by so eminent a stu- 
dent as Sir Thomas Lewis In administering digitalis to patients with 
regular heart action, little evidence of improvement had ever come 
under my observation which could not reasonably be explained without 
the assumption that it was due to the action of the drug This fact 
and the weight of opinion expiessed by Lewis and MacKenzie inclined 
me to believe that digitalis is of no value in patients with normal 
mechanism It was determined, however, to attack the problem with 
as little as possible of preconceived opinion 

The main object has been to determine {a) whether there is any 
evidence that digitalis has a favorable action on patients with heart 
disease other than those with auricular fibrillation (or flutter) If 
evidence of such an effect should be exhibited, further problems would 
be (b) to note exactly just what are the results of such action, (c) to 
determine, if possible, what classes of patients with normal rhythm 
are so affected by the drug, and finally, (d) to seek an explanation of 
the mechanism by virtue of which such effects are produced 

METHOD OF STUDY 

The present study was conducted as follows Patients with normal 
cardiac mechanism who showed evidence of decompensation or symp- 
toms that might be accounted for either in whole or m part on that basis, 
were put to bed and given a restricted diet, a measured amount of fluid, 
and no drug that might affect the heart or kidneys This was continued 
for a period of one, two or more weeks At the beginning of this period 
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of observation the condition of the patient was determined as accurately 
as possible, and tbe findings noted in his record Particular care was 
taken to note the heart findings, evidence of congestion of the lungs, 
hydrothorax, size of the liver, amount of edema, body weight, amount 
of urine, electrocardiogram, vital capacity, blood pressure, nonprotein 
blood nitrogen, urine findings and the patient’s symptoms A Wasser- 
mann test was made on the blood of all patients None had continuous 
fevei 

During this preliminary period frequent observations were made 
along the lines mentioned above, and at the end of the period a summary 
was entered in the record which gave the results of rest in bed and 
the patient’s progress while at rest This was expressed m graphic 
form when practicable, showing in this way any tendency toward 
improvement, or the reverse, and the i ate of progress 

The length of this period of observation was determined by the 
special circumstances in each case After a satisfactory estimate of the 
effect of rest could be made, the observation period was terminated , and, 
without changing any other factor, a large amount of digitalis was 
given in a short period of time Observations were then continued in 
the same manner as before Any pronounced changes which resulted 
could reasonably be attributed to the administration of digitalis The 
graphs were paiticularly raluable in determining any change tn late of 
progress 

The digitalis used was a stock tincture which has repeatedly been 
shown to possess a high degree of potency It was not i estandardized 
No arbitral y rule was followed in determining the amount to be 
administered In general, an estimate was made of the total dose as 
determined by the Eggleston method for an average tincture, and an 
amount somewhat smaller than this estimated dose was chosen This 
was done because experience with the tincture used had shown that 
its potency was high This “chosen dose” was administered in divided 
doses, usually about one half being given at once and smaller portions 
administered at intervals foi the next twelve to twenty-four hours If 
nausea or other evidence of toxic action appeared, the drug \vas 
stopped ® In no case was a large amount given to a patient who 
might have received digitalis within three weeks 

The records of pulse, weight and urine output were made by the 

nurse Those of blood pressure and vital capacity were made by the 

clinical clerk assigned to the case Notes on the heart, size of the 

liver, amount of edema and patient’s symptoms, together with the 

summary at the end of the observation period, and a similar note after 
the administration of digitalis, were made by myself 

9 One patient (Case 9) received an additional dose after nausea and vomiting 
This case receives comment below 
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About forty patients uere studied In many cases certain quanti- 
tative observations were not made, and some of the results, therefore, 
are equivocal because of insufficient data Such cases are not included 
m this series The series^ does include, howe\er, every case record 
which contains data sufficient to warrant a conclusion as to the effect 
of digitalis 111 the individual case irrespective of an} result that might 
have been anticipated from obsen’^ation of similar cases The records 
of tu enty cases are thought to be complete enough to satisf} this condi- 
tion Incomplete cases are excluded irrespective of any result that 
might have been suggested by the incomplete data recorded It may be 
stated here that these discarded records are of great lalue in that the 
evidence which thev gi'e is strongl} confirmator} of the soundness of 
the conclusion amved at from a study of those cases whose records are 
more complete, and which are recorded belov 

RESULTS 

In order to save space and to make convenient a comparison of the 
lecords before and after the administration of digitalis, these twenty 
case records are given m tabular form The table (Table 1) gi\es the 
record of each patient as follows In the first column aie shown the 
case number, age, Wassermann reaction, and diagnosis Column two 
gi\ es the physical signs on examination of the heart and the electrocar- 
diographic findings Column three gives, m ordei, the numbei of da}s 
in hospital, hospital result number of da}s the patient w'as kept under 
observation before digitalis w^as adminstered, the amount of the tincture 
that was given and the number of hours ovei wdnch the administration 
of this amount of the drug w'as distributed In the fourth column are 
noted the evidences of digitalization Follow'ing this are recorded the 
patient’s s}mptoins pulse rate, amount of edema, Mtal capacit}, size 
of luer w'^eight, renal tests, etc, amount of urine blood piessure, and 
'‘remarks ” The three parallel columns give such recoi d on admission 
O A , for the observation period, O P , and for the period after the 
administration of digitalis, A D 

The records of these twenty cases, selected solel} on the basis of 
completeness of data, give an unmistakable answ er to the mam problem 
at hand Digitalis affected most of these cases favorably The favorable 
effects included diuresis (wnth attendant loss of edema, decrease m the 
size of the liver and loss of w^eight), rise of vital capacit} and improve- 
ment of symptoms In main cases these results w^eie most impiessive 

The accompan}ing figures, which rejiroduce some of the recoi ds 
given m the table, give these results as far as practicable, in graphic 
form, and thus show the effect of digitalis on the )atc of piog)ess 
The effect on s}mptoms, which was often most striking cannot, of 
course, be represented in this way 
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crease 



About OOO 
per day 


Moderate 


10 

85 

Alb and casts, 
NPN, 35 7 


165 

87 

Me isurcmcnts do 
not show when 
liver decieased, 
use of vital ea- 
paeity 

None 

1,100 (6) 
1,200 (3) 

1 150 (2) 

No note 

80 6 (3) 


About 700 
poi day 


None 

1,300 (1) 

1 700 (51 

Not en 
larged 

76 3 (4) 


About 700 
per day 


M irked 

450 

11 


NPN, 76 



Question of previ 
ous digitalis poi 
soning, later toMc 
with subsoauent 
improv ement 

Same 

450 to 550 
450 (11 



NPN, S3 


95 

- (3) 

SO 

Much less 

700 (3) 






Model ite 

1,300 

3 

68 4 

Slight dbumin, 
PSP 55%, 
NPN, 36 


160 

00 

Relieved of symp- 
toms under rest 
no definite effect 
from digit ihs, 

toMc rise m 

blood pressuie 

None 

Rose to 2,900 
in 7 days 

0 

63 (2) 

(in 7 
days) 

No albumin 

About 600- 
1,200 

160-120 Down 

90- 70 Down 

None 

Rose to 3 100 
in 5 days 

0 

01 4 (0) 
59 (2) 

P lint trace of 
albumin (2) (3) 

About 400- 
1,100 

130 Down 

— <2) 

90 Down 


the light show the t1n\ on which tlic lecmnpanying ob^erviition was made that is, 
on the day of administr ition ms £8 two days after digitiiiis weight was 77 f» hg 


in the first ease, the o\tren!ei; of 
indicates isoiitod observation 





































































Table 1 — Data Showing Case 


Case Number 

Age 

Wassermann Test 
Diagnosis 

Heart 
Electro 
cardiogi im 

Days in 
Hospital 
Result 
Obsery ed 
Digitalis 

1 

First sound 

94 days 

52 years (If) 

prolonged 



at left 

Died 

Negative 

sternal 



border 

7 d ns 

Chronic myocarditis. 

1 


chronic nephritis, 

, R notched 

17 5 c e , 

arteiiosclerosis 

1 in I, T nega 

25 hours 

decompensation 

tiy e in I 
i PR 02 



E\ idences of 
Eflect 


P^treme 
nnusca 
some \ om 
iting dis 
comfort 
anriculo 
■t entricular 
dissociation 
auricular, 131, 
\entr cular, 
1G2, change 
in vcntricul ir 
complex 


'’2 years (II) 
Aegatn e 

Cnronic myocarditis 
chrome nephritis 
deeompens ition 


Soft sj stohe 
at apex 
sounds f lint 
left yentriculai 
prematuie 
contractions 

T 'SO electiic 
n all 


St days 

Improve 

ment 

10 daj“ 

21 c c 
24 hours 


^ uisea and 
y omiting 
P R length 
ened 0 05 
R less 
shaded 


Symptoms 


.Slight dyspnea 
n lusca and 
vomiting 


Pulse Rate 

rxtremes Mem Tendenej 




Slight improye (1) 58-108 
ment, Cheyne , (2) 80 

Stokes’ sign | 


Improvement in 70-110 

dyspnea Cheyne 
Stokes’ sign 


Slight im 
proyement 


No improvement 


O \ Dyspnea, aenk 
ness, headache 
nausea, y omiting 


Stronger less 
dyspnea no 
y omiting 


(5) 78-140 
(11) 72- 95 



Progressive 
improy ement 


0 A Dyspnea yyeak 
ness. Insomnia 



AD Improy ement (4; 02- 00 

(7) 08- on 


40 years 
Negatiyc 

Chronic my ocaiditis 
chronic nephritis 
decon pcnsation 


Paint systolic 
all ire is 
g illop ill 
complexes 
loyy 

1 negative 
in 1 ind 111 


35 days 

Improy e- 
mCnt 


10 c c , 
10 hours 


Vomiting, 
A V disso 
ciation 
rapid A 
and V 
eetopic 
beats bi 
geminy 


0 A Dyspnea dizzi 
ness, palpitation 



Much nausea (2) 

rapid improve (3) 

ment after 7 days (10) <2- Bj 



































Rico>ds ill Biicf~(Contmucd) 


r demn 

Vital 

Capacity, 

C c 

I iver 
(Cm 
Below 
Costal 
Malgin) 

Woiglit, 

Be 

Other 

Plndings 

\mount 
of Cline, 

C c 

Blood Piessuie 

Remarks 

r\- '1 en 

tremes Mean dcncy 

Mnrkcd 


12 ? 


Alhiiinin, 2 pins, 
PSP, 10% 
NPN, 02 


230 

130 

ToMcwitli delaicd 
diuiesis and loss 
of weiglit and use 
of vital capacity 

Moderate 


m 

m 


1,100-1,000 

1 350 no 
tendentv 

230 210 215 

140 no’ 130 

Moderate 

None 

3,000 (1) 
3,000 (2) 

Rl<-e to 3,000 

e% (2) 

0% (3) 
S'Z. (10) 

83 (1) 

82 (2) 

82 (3) 

73 1 (10) 

NPN, 53 

400 

700 

1,000-4,300 

2, .81 

140 190 

— (1), — (2) 

100 1.0 

200 210 
— (3). — (10) 

120 135 

Slifcht 

1 

2,000 ' 7 

j 1 

no ' 'J lace albumin, 

NPN, 59 j 


1(.0 

88 

Under two couisrs 
of digitalis, Mtal 
capacity rose to 
2,300, later, wliilf 
up, and small 
doses of digitalis, 
w as 3,200 

i 

None 2, 100 (1) ' -»% (t) 

j 4% (0) 

1 

72 0 (1) j 

1 

1 

Ti ice albumin 
NPN, 45 (1) 

(3) 500- 850 

(3) 1,150-1,300 

152-1(0 158 

9S-10i> 100 

None 1 2,000 (1) 1 0 (4) 1 

1,900 (4) , i 

1 2,100 (T) ‘ 

67 (1) 1 
64 (2) j 

1 

1 , 

No albumin (3), 
NPN, 40 (4) 

3 100 (1) 

1 725 (2) 

i 

None 1 

1 

1 

3 1 


No albumin, 
PSP, 05% 

1 


100 

00 

Not a caidiac case, 
use in blood pres 
EUic, systolic and 
diastolic, slight 

1 loss of weight 
[ 

1 

None 1 2 800 (4) 

' 2,iOO (2) 

3 

1 

481 (4) 1 
48 G (0) 1 

1 

No ilbiimin 
NPN, 34 


1 115-130 118 

70- 95 SO 

1 

None ' 2,750 (’) 

2,800 (5) 
2,900 (7) 

j 

! , 
1 

I 

1 

40 8 (2) 
40 8 (8) 

No albumin 

1 

1 

* 155 

1 

' ICO 
i — (3) 

<(2 

None 


0 

1 

1 Albumin, 

PSP 20% 
NPN, 00 



Teinpoiary rise of 
blood pressiiie 
only definite of 
feet, rise of vital 
capacity ’ 

None 

1,200 (14) ! 
1 000 (9) 

1 ^>75 (1) , 

1 810 (0) 

6 (1) 

48 1 (5) 1 

1 

Less albumin, 
NPN, 43 

4*>0-l.<K)0 

190-215 

(7) 

100-105 

None 

1,910 (1) 
2,000 (3) 

1 910 (1) 

1 700 (7) 


! 50 (1) 

1 50 4 (7) 

Continued less 
iilbiimin 

\o appaicnt 
( n uigc 

230 

— (1) 

112 

Marked 

X.O'iO 

11% 

109 1 (14) 

Trace albumin 
PSP. 30%, 
NPN, 43 


120 

90 

Tlirce stages ( 1 ) 
improyement, (b) 
stationary (rest), 
(c) digitalis 

Moderate 

Roec to 2 100 

S% (8) 

98 7 (0) 

1 

1 

Tiacc albumin 

500-1 000 
ivei ige 800 

120-135 125 No 

Moderate 

2 MO (0) 
2,400 (1) 

8 (1) 

98 4 (0) 

1 

1 

1 

Model ate 
albumin 

(.00-925 
ntrnge 700 

90- 95 ’ 90 No 

None ft) 

2,300 (2) 
3,400 (7) 

3 GOO (101 

8 (1) 

7 (3) 

7 (17) 

93 1 (1) 
88 0 (2) 

Tr ice albumin 

2000 in 2d 

12 bonis 
2,350 (4) 

135 140 

— (0) ~ (1) 

90 90 

Model itf 

800 



Albumin plus, 
PSP, 1%, 
NPN, 45 



10 e e at S p in , 
diuresis that 
night, toMc de 
layed svmpto 

matie Improye 
ment 

Modcr itc 

Ro‘.e to 
1,200 (0) 


80 3 (3) 
814 (0) 

1 ess ilbumln 

500-1,150 
average (.00 
no tendency 

115-132 125 No 

95-110 105 No 

Knpifl dis 
appeal ance 

1,110 (3) 

1 200 (0) 
1,400 (10) 
1,200 (14) 


75 (4) 

Albumin de 
clincd with 
diuiesis 

3,20> (1) 
1,900 (2) 

140-155 

(g) 

105-llG 





















Table 1 —Data Shozvwg Case 


C ise Number 

Age 

IVassermann Test 
Diagnosis 

Heart 

I lectro 
cardiogr im 

Days m 
Hospit il 
Result 
Observ ed 
Digitalis 

idences of 
Lfiect 

1 

15 

Lovi sjstolic 

27 dajs 

Nausea and 

0 A 

46 years 

at aortic 


vomiting 



and apex. 

Improve 



Negative 

gallop few 

ment 




prematuie 




Chronic nephritis 

eontrac 

7 days 



chronic myocarditis. 

tions 




arteriosclerosis. 


14 c c , 



decompensation 


24 Hours 








16 

Soft sj’stolic 

40 days 

Nause i and 

0 4 

39 jears 

at apex. 


V oiniting 



A second 

Died 



Negative 

impure 






19 dajs 



Chronic nephritis 

T neg itivc 



■i 

adenom i of kidncj. 

in I ind 

15 c c 



atneroma of coron iry. 

H 

10 hours 



chronic mj oe irditis 









A D 

17 

Loud sj’stolic 

44 days 

Disappe ir 

0 4 

40 years 

at apex 


ince of 



and base 

Improve 

nausea 


3 plus 


ment 


— 


T negative 



0 P 

Syphilitic mjocarditis 

I, li ind 

7 dajs 



aortitis, decom 

III 




pensation 


18 c c , 


— 

• 


23 hours 


4 D 

IS 

Systolic at 

32 daj's 

N lusea and 

4 0 

48 years 

apex dias 


vomiting 



tolic at loriic 

Iinprov c 

'1 lowered 


4 plus 

tn 0 v\ eeks 

ment 

in I, nega 

— 


after digi 


tive in II 

0 P 

Chionic (syphilitic) 

tails 

7 days 



mjocarditis arterio 





sclerosis decom 

T negative 

10 c c , 



pensation 

n I, QRS 0 12 

one dose 


— 


in 11 and III 



4 D 

19 

Systolic at 

14 dajs 


0 A 

43 years 

all lie IS 






Improv e 



Negative 


ment 


D p 

Chronic mvocardltis. 


9 daj’s 



chronic nephritis. 





dilatation of lorta 


12 c c , 


— 

deeompens ition 


24 hours 


A D 

20 

Soft sjstohe 

24 days 

Nausea and 

0 4 

5T ^el^s 

at apex 


vomiting 




Improv e 

I lowered 


Negative 

T negative 

ment 

in I 



in I ind II 



O P 

Chronic mj oc irditis 

PR, 0 2 

7 dajs 



chronic nephritis. 

R sli ided 




deeompens ition 


13 c c 





17 hours 




1 

j 

1 



1 


Sj mptoms 


Dyspnea, cough, 
•weakness 
dizziness 


Iinprov ement 
m dyspnea 
ind cough 


Dulse Rate 


Extremes 


85-120 


R ipid improve 
ment 


Headache {,ul 
mg vision 


M irked im 
prox ement 


Continued to 
feel well 


Djspnea vom 
iting pain in 
, cpigistnum 


^o improve 
m<.nt 


Less djspne 1 , 
less nausea 


Djspne 1 , cough, 
weakness 


^o improvement 
Chejne Stokes 
sign developed 


Prompt relief of 
all sj mptoms 


Pain in abdomen 
and chest dvsp 
nea, insomnia 


Some improve 
ment 


Rapid improve 
ment 


(3) 81-108 

(4) 72-100 


(12) 80-112 
(7) 80- 93 


76- 98 


(') 74- 9S 
(3) 74- 97 


(2) 73-100 
(4) £0- 90 


Mean 


102 


<14 

£0 


94 

SO 


£0 


82 

£6 


86 

80 


84-100 


(2) 78- 90 

(3) 72- 78 


(5) 68-100 
(4) 68- 90 


65- £0 


Dyspnea cough 
pain in eplgas 
trium 


Some improve- 
ment 


60- 76 


66 - £0 


90 


82 

70 

63 


100 

fcO 


rcndincj 


ko 


Ao 

Doan 


Doan 

Ro 


Ro 


Ro 


Doan 

Doan 


6S 


Down 

Down 


DP 


Rapid improve 
ment 













































Rccoids in Biuf — (Continutd) 


Ldem 1 

Vi till 
Capacitj , 

C c 

L'\cr 

(Cm 

BeloM 

Costal 

11 111 gin) 

Weight, 

Rb 

Other 

Findings 

None 

l.G'O 

STi 


Albumin plus, 
easts, R B 0 , 
BSP 17%, 
NPN, 07 

None 

Ftll to 
1,100 (0) 

■ 

j 73 1 (01 

1 

1 

Less albumin 

Isone 

1 

1 

2,300 (1) 
2,')00 (I) 1 

2 VO (a) 

2r, (2) 

0 (71 

! 70 4 (21 


None 1 

2,200 

! 

0 ^ 


Albumin, 10 gm , 
PSP, 10%. 
NPN. in 

None 

i 

2 OCO to 2 OOO 
2,S0O 

i 

0 

1 

(d 3 (01 

Albumin, 2 7gm , 
NPN. 97 

None 

2 000 to 2,900 
2SOO 

[ « 

' ! 

1 ' 

03 G (71 

1 


‘‘None’ 

(10(1 j e 

1 1 


\lbumln phis, 
PSP, 37^0 

‘No^’o" 

1 oro (■>■) 1 9 (ii ‘ 

>■00 m 1 

goo ( 0 ) 1 

gos (21 
81 (01 


1 to 1 " cm 
detline in 
me I'surc 

700 (1) 
g.10 (1) 

•K)0 (-)) 

0 ((,) 

T', W 

1 


Jloclcr.ite 

! 1 10 

j 

i 

Mbumin plus, 
PSP 40%. 
NPN, 32 

^fodcr ite 
(s line) 

! 

1 700 (7) sy, (0) 

1,900 (I) 

1 700 (21 

1 900 (01 1 

8t 7 (41 
SI 5 (01 

1 

None (')) 

! 

2,100 (21 
2,100 (31 

2 7 ’0 (41 

2 900 (01 

1 

1 

0 (31 

79 0 (11 
74 7 (21 
72 7 (31 

1 

Trace ilbumm 
(15) 

Slight 

1 1 “At iiinbil 

' j leus” 

OS 2 

Albumin plus 




09 2 (11 
OS 2 (01 

Less albumin 

Mlicll In^s 
(1), none C)) 

2 gro ( 1 ) ; 

J 000 (21 ! 

3,200 ( 31 

! 4 5) 

2 1(21 

[ 

07 4 (1) 
07 0 (21 
04 3 (41 

1 

Slodcnite 


1 

11 

1 

70 

Much albumin 
casts, NPN 15 4 
PSP, ''0% 

Soim dirni 
notion 

1 


1 9 (0) 

1 



Rapid din i 
nation j 

2 100 (11 

2 700 (2) 
2,700 (41 

j 

7 (21 

0 (31 

1 

77 (1) 

72 1 (21 

1 



! Amount 
oi Urine, 

C c 

Blood Picssurc 

Remarks 

1 \ Ten 

tieincb Mean dency 

i 

070-1,000 
no tondenej 

1 

210 

130 

222-195 215 No 

5 c c at noon, 5 c c 
at C p m , diuresis 
that day, im 
provemont with 
no visible edema 

140 - 124 ’ 135 Up 


1 SOO 1st 

12 boms 

230-270 

(7) 

150-205 


22‘> 

155 

No ctlcct except 
nausea, sugges 
live fall of blood 
pressure 

1 300 2,400 
average 2,200 

185-190 

(101 

135-140 

j 

(7) 770-1,100 
(Inl ike 
smaller) 

1 

170-177 , 

(2) ! 

118-135 

1 

^80 

(i)@ — 

125 


117 

7C 

Progressive fall m 
blood pressure 


110-1(4) Bonn 

70- SO Bonn ' 


no-no 

55- 70 


1- ... ... 

10 c c It 8 p m 
diuresis that 
night, no mor 
! plan for first 
night in a week, 
lomarkablc imme 
diateiesult 

! 

300 goo 
luci.lgi 700 
no tciulcncj 

183-197 188 

120-142 130 

5,200 (1) 
2,000 (2) 

190 

— (11 

127 

i j05 

— (2 and 12) 
aO 



Avciagc result 

377-870 
avei age 000 
no tendency 

117-110 ' No 

10V117 No 

2 000 (1) 
1,970 (21 

177 

~ (01 

127 

170 

- (1) 

115 


97 

Avciage tesuU 

1 

727-1 100 
average 800 
no tendency 

2S0-1S5 Down 

97- 87 No 

2 200 (1) 
3,450 (2) 

217 

— (1 and 2) 

87 

180 

— (9) 

*'7 
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ARCHIVES OF INTERNAL MEDICINE 


Figure 1 thus represents graphically the data recorded for the 
eighth case of Table 1 In this, and in the other figures, the solid 
dots represent systolic blood pressure , the smaller rings, diastolic blood 
pressure, the larger iings connected by the heavy broken line, vital 
capacity expressed in cubic centimeters , the blocks, weight m kilograms , 
the vertical columns at the base, urine m cubic centimeters , tbe hori- 
zontal lines, mean pulse rate, “L” represents the extent of the liver m 
centimeters below the costal margin in the midclavicular line, and the 
dotted column shows the time of digitalis administration 

It will be noted that during ten days’ lest there was a fall in blood 
pressure and m weight, a decrease in size of the liver, and a rise in vital 



capacity If digitalis had lieen given at the time this patient was put 
to bed, improvement might easily have been attributed to the drug 
There is, howevei, little evidence that he was favorably affected by it 

Figure 2, which reproduces the record of the third case of Table 1, 
shows loss of weight and rise of vital capacity after digitalis administra- 
tion, but at a rate which was not changed by tbe drug It will 
be obseived, howevei, that the liver, which after an initial diminu- 
tion had remained stationary m size previous to the administration 
of the drug, underwent a rapid further shrinkage subsequent to 
digitalis administration 

A similar, though less rapid, effect on the liver is shown in Figure 3 
(tenth case of the table) 
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ARCHIVES OF IRTERA'AL MEDICIRE 


This patient showed also a considerable diuresis and loss of weight, 
but without an increase in vital capacity It will be noted that the 
pulse late, which had steadily declined duiing the observation period, 
showed no further fall at the time of the diuresis and symptomatic 
improvement' 

Figure 4 (Case 1 of Table 1) shows a loss of 10 4 kg in weight 
in two days, with a diuresis of proportional extent The most striking 
lesults m this patient cannot be represented giaphically The decrease 
in thickness of the liver was remarkable This organ had presented a 
visible tumor which had diminished a little in size during observation 



Fig 4 (Case 1) — Diuresis, loss of weight, rapid decrease of liver, rise of 
vital capacity (sudden relief of symptoms) 

Within forty-eight hours after the administration of digitalis the liver 
could still be felt by deep palpation, but instead of a visible mass in 
the upper abdominal quadrant there was a depression beneath the 
margins of the rib on both sides The symptomatic improvement also 
was sudden and most impressive He received 12 c c of the tincture 
at 9 a m That afternoon for the first time during the week of his 
stay m the hospital he had no dyspnea and no Cheyne-Stokes respiration 
These symptoms did not return during his subsequent stay in the hos- 
pital No more remarkable lesult from digitalis administration had 
ever come under oui observation in any patient irrespective of what- 
ever cardiac mechanism may have been present 
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The thiiteenth case, the graphic record of which is given in Figuie 5, 
presents evidence which is most convincing of the effects of digitalis 
It will be seen that during a period of nine days this patient improved 
under lest in bed His weight decreased 10 4 kg , there was a decrease 
in the size of the liver, a use in Mtal capacity and an iinpiovement in 
symptoms Following this, foi a peiiod of about a week, his condition 
uas stationary, theie was little deciease in the hvei, no appreciable 
change in weight, no rise of vital capacity and no fuither symptomatic 
improvement He was then given 21 c c of tincture of digitalis within 
twenty-four horns Theie was a piompt diuiesis, loss of weight (9 8 



Fig 5 (Case 13) — Improvement under rest, a succeeding stationary period 
and a further sudden effect from digitalis Amounts of urine after digitalis 
are incomplete 


kg in foity-eight houis), rise of vital capacity and impiovement in 
symptoms Not all of the urine was collected, the incomplete data 
being indicated by the -f- maiks m the figure 

The eighteenth case (Fig 6) showed a relief fiom symptoms which 
was as sudden and remarkable as were the other effects that are 
recoided graphically Because this case presented some unusual features 
and was, at the same time, most convincing of the strikingly beneficial 
effects of digitalis, a summaiy of the case is published, together with 
the chronological notes that were made in the history at the time of 
study 
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A P , a colored man, aged 48, married, a Pullman porter, was admitted 
to the hospital on Feb 14, 1923, he was discharged on March 18, 1923, 
improved The diagnosis was sjphilis, myocarditis, chronic (syphilitic), 
hypertrophy of the heart , dilatation, chronic cardiac , cardiac decompensation , 
aortitis (syphilitic) , general arteriosclerosis The Wassermann test was four 
plus, repeated (same) There was no fever 

The patient’s chief complaints were dyspnea, cough, edema and weakness He 
had had a few attacks of sore throat twenty years before and an occasional 
winter cough for six or seven years , he had not had rheumatism He had 
had gonorrhea ten years before and a primary sore twelve years before of 
two weeks’ duration He had suffered from weakness for three or four months , 
also a cough which had been worse for the past four weeks He had had 
dyspnea for four weeks and a slight dyspnea four months before Edema had 
been present for three weeks 



Fig 6 (Case 18) — Diuresis, loss of weight, shrinkage of liver, rise of vital 
capacit} (sudden relief of symptoms) 

Condition on Admission — When admitted to the hospital he had orthopnea 
and moderate edema The liver extended 10 cm below the costal margin There 
was a soft systolic murmur at the apex and over the precordium There was 
dulness at the base of the right lung The vital capacity was 1,700 The 
phenolsulphonephthalem excretion was 40 per cent The blood pressure was 
S 3 'stolic, 196, diastolic, 112 The maximum heart dulness was 14 5 cm in the 
sixth intercostal space , 2 5 cm to the right m the fourth space 

The urine contained 1 5 gm of albumin There were finely granular and 
hj aline casts The electrocardiogram showed “T” depressed in I, QRS, 01 of 
a second, P-R, 015 of a second There was left ventricular preponderance 
The nonprotein nitrogen content was 32 2 mg 

Ti catincnt and Com sc — The patient was put to bed and given medium 
nephritic diet Fluids were limited to 2,000 c c 

Feb 21, 1923 'Vfter seven davs’ observation the patient said his short 
breathing was “just the same’’ His cough was a little better The pulse had 
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shown no tendency to fall — perhaps a tendencj to rise a little The blood 
pressure was about constant The weight was constant The vital capacity 
showed no tendency The liver ivas fairly definite at 8 75 cm below the costal 
margin, a slight deciease He had Cheyne-Stokes respiration There was 
moderate edema of the legs and slight edema of the abdominal wall The 
heart apex was m the sixth intercostal space, about 15 5 cm to the left , there 
was a long, low systolic murmur here, lower at the left sternal bolder There 
was slight dulness at the right base and a few moist rales at both bases There 
had been little, if anj, improvement Cheyne-Stokes respiration had developed 
The patient had had no “doctor’s medicine” during the past file weeks Tinc- 
ture of digitalis was ordered as follows (estimated dose would be 26 cc 
without allowance for edema) 10 c c at 8 p m , 3 c c at 10 a m , 3 c c at 1 p m , 
total, 16 cc 

Feb 22, 1923, 9 30 a m Asked how he was, the patient said “sick ” He 
was nauseated, but did not vomit Asked how he felt, aside ftom nausea, 
he said “better,” with emphasis He said that he passed “fi\e times as much 
urine” during the past night as during the previous night He said he had 
not been “short of breath” during the past night for the first time since entrance 
He had received 10 c c of tincture of digitalis at 8 p m on Feb 21, 1923 
The output for the twehe hours was 2 500 cc , his weight during the forenoon 
of February 21 svas 186 pounds (84 5 kg) , on the forenoon of Februarj' 22 he 
weighed 175’/! pounds (79 6 kg) The luer was 8 25 cm below the costal 
margin (about the same as vesteiday) The apex lieat was regular 86, there 
was considerable visible edema 

The reaction to digitalis had been as remarkable as it usually is m cases of 
auricular fibrillation (A note to this effect was made thirteen and one-third 
hours after administration ) An electrocardiogram had not been made The 
vital capacity was 1,975 The blood pressure was sistolic, 185, diastolic, 125 
The past night wms the first of seven consecutive nights that the patient had 
not received morphm w'hich w'as ordered to he given wdien necessarv 
Remainder of digitalis was to be omitted 

Feb 23, 1923, 9 am The patient said he was nauseated, he had vomited 
a few times the preceding day His respiration varied m intensity, but not 
rhythmically — there w'as no apnea The abdominal and the chest w'alls were 
thinner There was slight edema around the ankles and lower tibia He had 
not slept w'ell on account of pain m the upper part of the right side of the 
abdomen , but there had been no coughing or dyspnea The liver wms less eas\ 
to feel , apparently it was 6 cm below the costal margin , it had gone dowm 
The apex beat was forceful in the fifth intercostal space — 13 25 cm to the left 
There was a soft systolic murmur there, louder at the base The patient said 
that he felt better except for the pain He had a slight cough, but no dyspnea 

Feb 24 1923, 10 30 a m The patient was asleep When awakened 
he said that he felt very well and that he had slept “very good ” He had 
had little cough and no dyspnea since digitalis w'as administered He had had 
no pain in the region of the liver since the previous dav The liver could 
not be felt , there wms some resistance in the right upper quadrant Thf^re wms 
dulness about 1 cm below the costal margin, a remarkable decrease in tw'O 
days There was no edema or nausea 

Summary There had been a rapid relief from symptoms (pain m the 
liver region for one day) and a loss of 22 pounds (10 kg ) in two days There 
had been diuresis, loss of edema, shrinkage of the liver, and a rise of vital 
capacity — 200 c c in two days There was a sudden drop of blood pressure on 
the second day (30 points) There wms as complete and striking relief as in 
fibnllators, with no considerable reduction in the apex rate— not more than 
10 beats a minute, if that many 
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Feb 25, 1923 The patient was quite comfortable and did not complain 
Tlie liver was not felt , there was dulness about 2 cm below the costal margin 
There was a soft systolic murmur at the apex and base of the heart 

March 2, 1923 The patient had been allowed to sit up a few minutes each 
day Tuenty minims of tincture of digitalis once daily was ordered 

March 16, 1923 There was a heaving impulse at the apex in the fifth 
intercostal space below and outside of the nipple, and a soft blowing systolic 
murmur At the aortic area there was a definite, fairly loud, not prolonged 
diastolic murmur, occurring immediately after the second sound There was 
also a soft sj'stolic murmur in the aortic area The systolic murmur was 
a little louder at the left sternal border but no diastolic murmur was heard 
there The edge of the liver descended from beneath the costal margin on deep 
inspiration No edema was present 

In 01 del to obtain some notion of the constancy of these results and 
to deteimine as far as possible, in what class of cases they occur, a 
second table was constructed (Table 2) It is a sninmaiy of Table 1 
It furnishes a brief description of each patient, giving the diagnosis, 
mean blood pressure, mean pulse late, findings concerning edema and 
enlargement of the liver, the Wassermann reaction and the hospital 
lesult Under “Result” is lecorded whethei or not, as a result of 
digitalis administration, theie was a loss of edema, loss of weight, 
diuresis, diminution in the size of the liver, rise of vital capacity, 
improvement of symptoms, loweied pulse late and rise oi fall of blood 
pressure The answers to these questions are derived not from impies- 
sion but from the quantitative data recoided in Table 1 The cases are 
arranged in the same older in the two tables 

The foregoing charts and tables show that in certain cases there 
was a prompt diuiesis (with loss of weight, loss of edema and decrease 
in the size of the livei ) as a result of digitalis administration m large 
dosage Improvement m symptoms was often sudden and impressive 
In many cases there were changes in pulse rate and m blood pressure 

TYPE or PATIENTS AFrECTED 

In order to thiow some light on the question of the classes of 
patients with normal rhythm that aie improved by the administration of 
digitalis, cases with similar findings were arranged m groups, and 
notation was made as to how many of each group were improved and 
how many not improved 

Table 3 shows that of ten patients with “chronic myocarditis” who 
showed edema and signs of cardiac decompensation without aortic dis- 
ease and with negative Wasseimann reactions, nine were improved, 
one not improved Two patients with chronic nephritis, four with 
aortic insufficiency and edema, and one with chronic bronchitis and 
emphysema showed little evidence of improvement from digitalis Two 
patients with myocarditis who weie piobably syphilitic, and one patient 
with mitral disease, all of whom gave evidences of decompensation, 
were improved by the drug 
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This question was approached in still another way A table was 
made which divides the cases into two gioups, those vho were 
“Improved” and those who were “Not Improved” (Table 4) 

It is at once apparent from a glance at this table that the type of 
patient who was improved by digitalis belongs in the category of those 
with “chronic myocarditis,” or, to employ a term that is becoming more 
generally used, “myocardial insufficienc> ,” such patients exhibiting 
dyspnea on exertion, an enlarged and dilated heart usually with a 
systolic munniir at the apex, enlarged liver and edema The hospital 


Table 3 — Cases Aitaugcd in Gioups zviih Results in Each Gioup 




Case 

Number 

1 3 

4 Q 

10 13 

14 (15) 

19, 20 

Result 

1 

I 

Group 

Chronic myocarditis 

Iso suspicion of syphilis 

No aortic disease 

Decompensated 
rdema nhen admitted 

Improtement No Improiement 
1, 3 

9 4 

10 13 

14 15 

19, 20 


Tot il number 

ten 

nine one 

II 

Chrome nephritis no edema 

12, 10 

12 10 


Total number 

two 

two 

III 

Aortic insufflciency 

Decompensated 

Edema when admitted 

Total number 

2 

6 8 

2, 5 

6, S 


four 

four 

IV 

Uitral disease, edema, decompensated 

7 

7 


Total number 

one 

one 

V 

Emphysema and chronic bronchitis no 
edema, not decompensated 

11 

11 


Total number 

one 

one 

VI 

Mjocarditis, probably sjphilitic dccom 
pensated 

17, 18 

IT IS 


Total number 

tnp 

two 


diagnosis in Case 7 was “valvular disease, chronic cardiac, mitral 
stenosis and insufficiency ” The patient presented, however, in addition 
to the usual evidences of mitral disease, the characteristic features above 
mentioned 

The patients m Cases 1 and 10 had had edema, but it had dis- 
appeared during the observation period Both doubtless still had excess 
tissue fluid, however, for after digitalis administration both lost weight 
and had diuresis The face of one (Case 1) vas noticeably much 
thinner m appearance after administration of the drug 

The patient m Case 15 had no apparent edema Notwithstanding 
this, he lost 2 7 kg m weight m two days after receiving digitalis 
Unfortunately, his rate of loss (if any) before digitalis vas not 
observed His urine output for the first twelve hours after administra- 
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tion of digitalis was 1,500 cc It seems probable that he had excess 
fluid in the tissues which was not extensive enough to cause pitting on 
pressure 

The patient in Case 17 showed no pitting The ankle measurements, 
nevertheless, increased a little during the observation period, and her 
weight increased slightly, while following digitalis administration the 
ankle measurements decreased, and she lost weight 

If the patients in Cases 15 and 17, then, be regarded as having had 
edema when admitted to the hospital, it may be stated that all of the 
twelve patients who were improved by administration of digitalis 
showed evidence of cardiac decompensation with edema of greater or 
less extent They belonged, with the exception of Case 7, to the group 
that IS usually called “myocardial insufficiency ” 

Of the eight patients who were “not improved,” those in Cases 11 
and 16 did not have cardiac disease, while nephntis appeared to be 
responsible for the symptoms in Case 12 Four had aortic disease The 
remaining patient that showed no improvement (Case 4) belonged in 
the same category as those who showed improvement, that is, myocardial 
insufficiency His condition, however, was grave on admission His 
vital capacity at no time was higher than 1,230 c c He had, moreover, 
evidences of pulmonary thrombosis at the time of digitalis administra- 
tion, and he died seven weeks later 

The patients with aortic insufficiency weie not improved The con- 
clusion that no such cases may be benefited by digitalis, however, is 
not warranted from the study of such a small number of cases The 
patient in Case 8 improved rapidly under rest Had he received 
digitalis before the disappearance of the edema and before his improve- 
ment, these results might have been more rapid He exhibited, more- 
over, a toxic rhythm and other evidences of toxic effect which may 
have prevented favorable action There is little positive evidence, 
however, from these four cases, that digitalis is of value in cases of 
aortic insufficiency Case 18 is of much interest in this connection 
This case record, given above, shows that it was only about three weeks 
after digitalis administration that signs of aortic disease were noted 
There was at that time a diastolic murmur at the aoitic area There 
were, however, no other evidences of aortic insufficiency It would 
seem probable that the symptoms were due chiefly to s)'^phihtic myo- 
carditis, and that the aortic involvement was early 

MECHANISM OF ACTION 

There remains for consideration the question of the mechanism by 
which digitalis (in large dosage) produces diuresis, disappearance of 
edema, decrease in size of the liver and improvement of symptoms m 
cases of myocardial insufficiency The results in cases of this type have 



L UTEN—DIGITALIS 


273 


been so uniform when large amounts of the drug have been given in 
a shoit time interval, whereas previous results from smaller dosage 
had been without benefit, that the question arises whether the rapid 
disappearance of edema is not a result of some physical or chemical 
reaction on the body fluids lathei than of an effect on the heait or 
kidneys When the subject of edema is better understood, the solution 
of this question will be nearer 

Certain observations in this study, howevei, offer stiong evidence 
that the beneficial effects that followed the administration of digitalis 
to the patients with myocardial insufficiency were the result of some 
sort of action of the drug on the heart This explanation is indicated 
by the rapid diminution in size of the liver, and is fuithei supported 
by a study of a patient who showed toxic effects of rather high degree 
after digitalis administration 

This patient (Case 9 m Table 1) had received a massive dose of 
digitalis with strikingly favorable results about nine months previously 
(Case 1 in Table 1) On his last admission, after eight days’ observa- 
tion, he received tincture of digitalis as follows at 5 p m , August 29, 
5 c c , at 10 a m , August 30, 5 c c , at 1 p m , 5 c c , and at 6 p m , 
2 5 c c Before receiving the last dose he vomited and felt worse than 
he had felt for some days Following the last dose he was uncom- 
fortable and had almost constant nausea The next day, August 31, 
his blood pressure had fallen from systolic 200, diastolic 130, to systolic 
140, diastolic 100 He looked much woise Electrocardiograms 
showed nodal rhythm (transient) after the second dose (August 30), 
and a-v dissociation with an auricular rate of 131 and ventricular rate 
of 162 on August 31 (Fig 7) During the succeeding days electro- 
cardiograms showed abnormal rhythms and a gradual return to normal 
on September 8 

Figure 10 shows that there was a diuresis which increased in amount 
during the time that the toxic effects were wearing off his heart and 
which reached a maximum on September 8, the day his heart rhythm 
became normal Edema had disappeared by September 9 This case 
will be reported more in detail, together with other toxic rhythms 
resulting from digitalis, in a subsequent paper The important point 
for present consideration is that there was an early decrease in the size 
of the liver, which occurred before the full amount of digitalis had been 
received , that there was a toxic action on his heart, and that during 
the time when this was of high degree he had no diuresis , but that he 
began to have diuresis as his heart recovered, and that there was extreme 
diuresis which was delayed only so long as his heart showed the toxic 
effects of the drug It is difficult to escape the conclusion that this 
diuresis with loss of weight and of edema was due to the action of 
digitalis, and that its delay was due to the lowered efficiency of his 
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Fig 7 — Electrocardiograms of Case 9 The first shows the three leads 
before digitalis was started The second shows nodal rhythm in Lead II The 
third shows a-v dissociation with auricular and ventricular tachycardia of 
different rates Note the change in complexes The position of the “P” waves 
IS indicated by markers 



Fig 8 — Electrocardiograms of Case 9, Lead II The first shows nodal 
rhythm, the second, a-v dissociation with slower auricular rate, the third, 
complex of same type as before digitalis, but still a-v dissociation The Lead A 
was made on Sept 1, 1922, at 11 a m , that in B on Sept 1, 1922, at 3 p m , 
that m C on Sept 4. 1922 
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Fig 9 — Electrocardiograms of Case 9 The first shows complete heart 
block The others show normal mechanism The leads in A were made on 
Sept 7, 1922, those in B on Sept 8, 1922, those in C on Sept 9, 1922 



Fig 10 (Case 9) — To\ic effect, delayed diuresis and loss of weight 
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heart while that organ was suffering the extremely toxic effects of the 
drug In other words, the evidence is that digitalis acted diiectly on 
the heart and in some way ina eased tts efficiency after the (temporary) 
ill eftects had disappeared 

It has long been known that there is an action of the drug on the 
heart besides its effect on the conducting tissues between auricle and 
ventricle The questions have been (1) Just what is this action^ 
(2) Is it beneficial or not? 

In this series, about thirty patients with myocardial insufficiency 
showed, with great uniformity, diuresis and symptomatic improvement 
after rapid digitalization This fact per se does not prove that these 
beneficial results were due to a cardiac action of the drug But we 
know that the drug has a cardiac action , and m one case that was care- 
fully followed the beneficial effects did not appear until evidences of 
harmful effect on the heart had disappeared There must be, then, 
some action of digitalis, besides its effect on the conducting tissues, by 
virtue of which it increases cardiac efficiency in these cases What is 
this action? This question has been the subject of many careful 
experimental studies, and further comment here could add nothing 
toward its solution 

It should be stated, however, that this beneficial action appears to 
be independent of any slowing in ventricular rate in cases with normal 
mechanism There is still much confusion on this subject of slowing 
Eggleston,® in 1915, regarded slowing as an evidence of the effect of 
digitalis on cases with normal mechanism In 1920, he says that it 
“generally produces considerable slowing” in “those cases of heart 
failure in which marked oedema is present” but that with this and one 
other exception “the therapeutic administration of digitalis is seldom 
followed by a significant degree of slowing of the heart rate in the 
presence of the normal sinus rhythm ” With the latter part of this 
statement most careful observers are now m agreement, although one 
not infrequently meets practitioners who still expect slowing from 
digitalis administration to patients with sinus rhythm 

Our observations indicate that even in patients with marked edema 
whose mechamsm in normal slowing is not a characteristic attendant 
on improvement, and that even when it occurs it follows the diuresis 
and IS a result rather than a cause of the improvement The patients 
in this series whose heart rate previous to digitalis administration was 
fast (above 80) quite commonly showed a decline in rate to about 80 
after improvement Those who were improved by the drug but had 
had a slow rate before its administration, showed no further slowing 
with improvement (Table 1, column showing mean pulse rate, also 

10 Eggleston, Cary Some Newer Concepts in Digitalis Therapy, Am J 
M Sc 160 625 (Nov ) 1920 
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Figures 2 , 3 and 4) The improvement m Case 10 (Fig 3) was 
cleaily not associated with a change in rate The rate had declined 
spontaneously until the day before digitalis administration, but showed 
no fall with his sudden improvement at that time The patient in Case 
13 (Fig 5) showed a much greater spontaneous drop m rate following 
improvement with rest than he showed at the time of his pionounced 
improvement from digitalis In the foimer instance, his rate declined 
from 95 to 80, while at the time of digitalis administration (and maiked 
diuresis) there was a fuither reduction m rate to only 78 Case 18 
(Fig 6) showed a consideiable fall m late subsequent to, lather than 
at the time of, sudden improvement (see note of February 24) Case 
20 (Table 1) showed a well maiked result from digitalis The patient’s 
mean heait late, howevei, was only 68 before the administration of the 
drug, but was showing an upward trend This upward tendency con- 
tinued, and the mean rate after digitalis was 72 — a normal rate 

Slight spontaneous changes in rate were common m all these cases, 
and were as frequent among those who were not improved as among 
those patients that showed diuiesis and symptomatic improvement It 
would seem cleaily indicated, therefore, that slowing is not an integral 
factor m the improvement m these cases, and that when it does occur 
It IS rather a subsequent readjustment to impioved conditions of the 
circulation, which would take place after marked improvement from 
any cause 

BLOOD PRESSURE 

There was no uniform effect on blood piessuie By far the com- 
monest result was a temporary rise of systolic pressure (Table 2) 
Quite fiequently the diastolic pressure also was raised, and the ten- 
dency appeared to be for this diastolic rise also to be temporary In 
a few instances the elevation of both was sustained In one patient 
who showed a greatly beneficial effect from the drug (Case 1, Fig 4) 
there was a sustained rise of systolic piessuie, with a sustained fall of 
the diastolic Another patient whose improvement was most impressive 
(Case 18) showed a delayed fall of both the systolic and diastolic 
readings, which were sustained 

The rise of systolic pressuie that usually occuired was never great 
There appeared to be no relationship between the original level of 
pressure and its course after digitalis Whether or not the patient was 
improved by the drug appeared to bear no relationship to the change in 
blood pressure 

CONCLUSIONS 

1 Tincture of digitalis, when given by mouth m large doses over 
a short time interval, affects favorably certain patients with normal 
heart rhythm 
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2 The favorable effects are improvement in symptoms, diuresis, 
loss of edema and decrease in size of liver 

3 The patients m whom these effects occur with most consistency 
belong to the class known as “myocardial insufficiency ” 

4 The improvement from digitalis in these cases does not depend 
on change in ventriculai rate 

5 This improvement is probably due to increased muscular efficiency 
brought about by the action of the drug on the heart muscle 

6 Patients with myocardial insufficiency improve under proper 
digitalis administration in about the same proportion of cases as do 
patients with auricular fibrillation The improvement in the former 
class of cases is usually, perhaps, of somewhat less extent, but it is 
frequently as impressive as the most striking results that occur m 
patients with fibrillation of the auricles 

7 It should be stated here that certain manifestations of toxic action, 
which wll be reported in greater detail, were observed with sufficient 
frequency to indicate that the method of rapid digitalization that was 
employed in this study is not without danger The dosage used was 
doubtless, in many cases, above the optimum amount 

721 University Club Building 
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LA. DEGENERESCENCE HEPATO-LENTICULAIRE Maladie de Wilson 
Pseudo-Sclerose Par H C Hall, Ancien Chef de clinique a 1 ‘ Hopital de 
Bispebjaerg,” Copenhague Creface du Professeur Pierre Mane Paper 
Price, 20 francs, net Pp 361, with 44 illustrations Pans Masson et Cie, 
1921 

This IS the most complete monograph on the subject of lenticular degenera- 
tion that has yet appeared Hall first gives a brief review of Wilson’s four 
cases and a summary of the clinical features of the syndrome called by Wilson 
“pi ogressive lenticular degeneration” He then correlates the Westphall-Strum- 
pell pseudosclerosis with Wilson’s syndrome, he believes that the corneal pig- 
mentation noted in many cases of pseudosclerosis is of frequent occurrence in 
pi ogressive lenticular degeneration, although it was overlooked by Wilson He 
next reports four cases of his own and the histones of three other patients 
provided by the courtesy of his confreres m Copenhagen Four of these patients 
belonged to one family, and two others were brothers In the review of these 
seien cases he expresses his opinion that one case was an example of true 
Wilson’s disease, that Cases 2 and 3 were pseudosclerosis, and that Cases 4 to 7 
form a familial group of a nervous disease resembling Wilson’s syndrome, with 
hypertonia as the most intensive symptom We feel that the data supplied by 
Hall for the last group are too incomplete to warrant this assumption 

The author next tabulates the sixty-eight cases in the literature of Wilson’s 
disease and pseudosclerosis of the patients, fifty were males and eighteen 
females The duration of the twenty-two fatal cases varied from two to seven 
years Corneal pigmentation was only looked for in thirty-seven cases and 
was found to be present in twenty-one, or more than SO per cent , of these 
thirty-seven cases, only nine were Wilson’s disease, and in three of them (those 
of Pollock, Soederbergh, Hall, Case 1) corneal pigmentation was observed 
Hall, therefore believes that the corneal pigmentation is pathognomonic of 
both Wilson’s disease and pseudosclerosis, and not merely of the latter 
syndrome 

Speech is variously affected, the condition ranging from mere dysarthria 
to complete anarthria Involuntary movements and hypertonia are common 
symptoms besides these, contractures, associated movements, ataxia, adiado- 
kokmesis, epileptiform and apoplectiform crises are observed While the 
tendon reflexes are usually normal, Babinski’s phenomenon was noted in twelve 
cases 

While the deep and superficial sensation is intact, the gait is affected and 
of a peculiar character due to the hypertonia and tremors The electrical 
reactions are normal The mental state is more or less affected The cerebro- 
spinal fluid was normal except in two cases, in which a slight pleocytosis 
existed The liver may be found decreased and the spleen increased in size 
Alimentary levulosuria has been demonstrated m four cases, urobilinuria is 
not constant, however Glycosuria was present in six cases The skin may 
show pigmentation, as was noted in six cases Postmortem a nodular cirrhosis 
was an absolutely constant feature both in true Wilson’s disease and pseudo- 
sclerosis So far as the anatomic alterations in the nervous system are con- 
cerned, Stoecker and Hall have found all transitions between the picture 
described by Wilson in his progressive lenticular degeneration and those 
described by Alzheimer m the Westphal-Strumpell pseudosclerosis Hall, there- 
fore, suggests a common name for the two syndromes, namely, “hepatolenticular 
degeneration ” These cases belong to the heredofamilial nervous diseases which 
enter into the Gowers concept of abiotropic affections 
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MODERN ASPECTS OF THE CIRCULATION IN HEALTH AND 
DISEASE By Carl J Wiggers, M D , Professor of Physiology m the 
School of Medicine of Western Reserve University Second edition Thor- 
oughly revised Price $7 50 Pp 661, with 204 engravings Philadelphia 
and New York Lea & Febiger, 1923 

In the present work, the first edition which was favorably received eight 
years ago has been thoroughly revised The charters have been extended and 
much valuable material has been added m the new ones on “The Efficiency and 
Adaptability of the Heart,” “Vascular Control of the Circulation,” “The Principles 
and Practice in Optical Registration of Mechanical Pulsations m Man” and 
“The Dynamic Consequences of Chronic Heart Disease ” The general plan 
of the original edition has been retained The book is divided into three sec- 
tions The first deals with the physiology of the circulation, the second with 
graphic methods for the clinician and the third with disease of the heart and 
circulation 

The physician is constantly becoming more aware of the importance of a 
thorough basic knowledge of physiology m the interpretation of clinical 
problems The applications of physiologic methods in recent years have been 
chiefly responsible for the rapid advancement m our knowledge of the heart 
The author of the present work is one of the foremost authorities on the 
physiology of the circulation He has personally investigated many phases 
of the subject and is thoroughly familiar with the entire field Those interested 
m the cardiovascular system will greatly appreciate Dr Wigger’s second edition 
The clinician may raise the objection that some of the subjects are considered 
briefly in the section on disease of the heart and circulation In this connection 
it may be added that this section was evidently not intended to be an exhaustive 
consideration of the subject, as might be implied by the subject, but to correlate 
so far as possible the normal and pathologic physiology In this respect, the 
authoi has satisfactorily accomplished his aim 
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STUDIES ON THE VISCERAL NERVOUS SYSTEM 

ON THE REFLEX CONTROL OF THE PYLORUS ' 


A J CARLSON, PhD, and S LITT, MS 
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It occurred to us that the device used in the study of the reflex con- 
trol of the cardia and lower esophagus ^ might be adapted to a similar 
study of the pylorus, and, for acute experiments on anesthetized ani- 
mals, might possibly present less local trauma, irritation and abnormal 
conditions than were involved in previous work on the pylorus, except- 
ing the use of the roentgen ray on man and animals not under anesthesia 
The mechanism of pylorus control has challenged numerous investi- 
gators in recent years, partly from physiologic interest, partly because 
of the importance of the pylorus in the motor and secretory disturbances 
of the stomach As regards local mechanism involving only the pylorus 
and adjacent regions of the antrum and upper duodenum, Cannon,^ m 
1904, summarized his own observations and those of previous investi- 
gators in his theory of ^'acid control of the pylorus,” that is, the acid 
of the gastric juice acting on the stomach side of the pylorus opens the 
pylorus, while acid on the duodenal side closes the pylorus, both actions 
being primarily local reflexes The part of the theory stating that 
acid, acting on the stomach side, opens the pylorus, has not been sub- 
stantiated by ^subsequent investigations, laigely by methods different 
from Cannon’s Thus Morse reports that water leaves the stomach 
faster than acid, and weak acids leave the stomach faster than strong 
acids Cowie and L}on," working on infants, found that rendering the 
food either acid or alkaline delays gastric evacuation They also main- 
tain that free acid in the stomach is not necessary for pyloric relaxation 
and initial gastric evacuation Spencer" and others, working on adult 
persons, reach essentially the same conclusions and report specificalh^ 
that rendering the food alkaline hastens the emptying of the stomach 
McClure and others, working with the roentgen ray on adult persons, 
report that a mixed, well masticated meal starts to pass through the 


-From the Hull Physiological Laboratory of the University of Chica-o 

1 Carlson, Boyd and Pearcy Am J Phvsiol 61 14, 1922 

2 Cannon Mechanical Factors of Digestion, 1911, n 96 
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pylorus a few minutes after eating begins, and that introducing acids 
in the duodenum does not essentially modify the rate of the evacuation 
Luckhaidt and Carlson® found (m man, and dog) that opening of the 
pylorus and the passing of the gastric contents into the duodenum was 
coi related with the periodic tonus rhythm of the stomach lathei than 
with the variations in gastric acidity 

It needs scarcely be pointed out that the rate of evacuation of the 
stomach cannot be used as a direct measure of pylorus tonus, because, 
except in cases of pathologic pylorospasm or mechanical narrowing of 
the pyloiic orifice, the emptying rate of the stomach depends on the 
motility of the stomach and the reflex state of the duodenum, as well 
as on the tonus of the pylorus On the other hand, most observers 
agree that mechanical or chemical irritation of the duodenal mucosa 
induces spasms of the duodenum, regurgitation of duodenal contents 
into the stomach and pyloric conti action or spasm of vaiying duiation 

The control of the pylorus by extiinsic leflex mechanism invohes 
first of all a consideration of the path and character of the efteient 
nerves of this legion There aie some seeming contradictions between 
the individual reports on this phase The literature is reviewed m the 
recent papei by Thomas and Wheelon ^ 

Thomas and Wheelon, working on the anesthetized dog, introduced 
a specially constiucted enteiograph into the antrum, pylorus and uppei 
duodenum This apparatus consisted of three separate chambers in a 
solid rubber case, the chambeis being coveted with thin lubber The 
appal atus was adjusted so as to give separate records of the antrum, 
pyloric and duodenal contractions By means of this device they report 
rhythmic contractions of the pylorus (fiom thiee to five per minute) 
contraction and inhibition of the p3dorus on stimulation of the peripheral 
ends of both the vagus and the splanchnic nerves, but only an inhibitoiy 
action on the pylorus by epmephrm They conclude that the vagi as 
well as the splanchic nerves carry motor and inhibitory fibers to the 
pyloric sphincter 

The enterograph of Thomas and Wheelon is straight and m the trans- 
verse diameter unj'ieldmg oi rigid at four points The appaiatus uas 
fixed m place by sutures through the antrum It would seem that the 
rigidit)’' of the apparatus introduces seiious abnormal conditions and 
local irritations, especially when there is marked tonus and contractions 
of legions about the apparatus 

Few studies appear to have been made on the extrinsic reflex con- 
trol of the pylorus Barber and Stewart,® m a preliminaiy note, have 
described a diffuse pylorospasm in dogs, with a fundic relaxation fol- 

6 Luckhardt, Phillips and Carlson Am J Physiol 50 57, 1919 

7 Thomas and Wheelon T Lab & Chn Med 7 3, 1922 

8 Barber and Stewart Proc Soc Exper Biol & Med 17 155, 1920 
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lowing iiiitation of the gallbladder, the appendix and the duodenum 
They repoit that this pyloiospasm disappeais on irritation of the parietal 
peritoneum The method of recording or observing these i eflexes into 
the pyloius are not described 

METHODS 

The expel imental airangements are shown by the diagiam in Figuie 
1 The p}Ioiic condom balloon (C) with the letention plug (D) ma}, 
foi the sake of brevity, be called a “pyloiometer ’’ For construction 
and size of this contrivance the leadei is referied to oui report on 
inneivation and leflex control of the caidia ^ It is obvious that if the 
tonus of the caidia exceeds the air piessure in the tube system E, the 
poitioii of the delicate balloon (C) in the pyloric legion will remain 
collapsed, and manometer A mil lecoid no piessure vaiiations in the 



Fig 1 — Arrangement of contrivances foi continuous study of the tonus and 
contractions of the pylorus in experiments on dogs A, water manometer con- 
necting with the balloon m the pylorus (C), and recording the tonus of the 
P 3 ddrus , B, control watei manometer in the circuit recording possible variations 
m rate and force of the periodic insufflation of tube E with air, C, condom 
balloon m pylorus and upper end of duodenum, D, retention plug of the 
balloon anchored on the antrum side of the pvlorus , E, rubber tube connecting 
with a motor drnen bellows that provides periodic insufflation of the tube system 
and pjlonc balloon, F, outlet tube controlling the degree of the periodic air 
pressure m the sjstem furnished by the motor driven bellows, G, tube serMiig 
to introduce fluids into the antrum pylori H tube serving to introduce fluids 
into the duodenum 

tube system E The pylorometer vas mlioduced through an opening 
m the fundus, and anchoied in place bt the rubber tube attached to the 
pyloric end of the balloon and b} a linen thread attached to the reten- 
tion plug Tube and thread were earned out of the duodenum by a 
small sht in the wall fiom 8 to 10 cm below the pylorus In a few 
cases the gasti ostomy and the duodenostomy vere made aseptically two 
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days before the experiment In eveiy case from one to one and one-half 
hours were allowed to elapse after fixing the pylorometer in place and 
beginning the observation, to eliminate so far as possible abnormal states 
due to the trauma and mechanical iriitation incident to adjusting and 
recording devices 

Periodic variations in air piessure m the tube system (£) were 
secured by motor driven bellows, with adjustible rate, and volume 
output The maximum pressuie in the system was further regulated 
by the size of the aperture, F Manometer B served as a control on 
any accidental variations m the rate and amplitude of air pressure varia- 
tions in the tube system Unless the p3lorus is extremely atonic, the 
balloon (C) pait on the duodenal side of the pylorus does not com- 
pletely collapse between the positive pressure periods m the tube sys- 
tem The amount of permanent positive pressure in the manometer A 
IS thus a measure of degree of pylorus tonus The float in the control 
manometer (P) always returns to O pressure, owing to the open exit 
for the an of F But the spasm of the pylorus may be so great that 
no air can enter the balloon and tube system beyond the pyloius In 
this state the method permits the recording of pyloric lelaxation only 

The position of the pyloiometer Avas always verified at the end of 
each expel iment 

All the experiments Avere made on dogs, using barbital anesthesia, or 
barbital Avith a trace of ether In a feAv experiments ether Avas used 
exclusively Care Avas taken to keep up the normal body temperature 
The dogs Avere not fed for tAventy-four hours prior to experimentation, 
so as to insure an empty stomach 

For the observations on local leflexes the AA'^ater, acids and alkalis 
(at body temperature) Avere introduced through the lubber tubes, G and 
H These tubes Avere tied to the pylorometer tube system in the stom- 
ach and duodenum so as to insuie the contact of the fluid in the pyloiic 
antrum and within a feAV centimeters of the p}Ioius on the duo- 
denal side 

RESULTS 

1 Spontaneous Rhythm of the Pyloius — ^Under the conditions of 
oui expenments, the spontaneous motor behavior of the pylorus A^aried 
greatl}- in difterent animals, and from time to time in the same animal, 
AAdien observations Avere continued for from four to six hours In 
some cases, the pyloius Avas in a state of extreme spasm lasting for 
hours, in other cases, it Avas completely relaxed and quiescent, but 
usually the pylorus was in moderate tonus, Avith periodic Aariations of 
tonus This tonus rh)^thm may run regularly for hours at a rate of 
fiom three to four AA'^aA'^es a minute, or the tonus aa^ra’^os may appear 
more like spasms, the contraction phase lasting for from one to several 
minutes, Avith correspondingly long relaxation phases The regular 
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and irregulai tonus ihjthm of the pyloius was also noted by Thomas 
and Wheelon Types of the p}lorus rhythm as recorded by the piesent 
method are shown m Figure 2 

2 Influence of the Vagi Efleient Fibers on the Pyloius — The 
acute or immediate effects on the pylorus of section of the vagi in the 
neck or of tetamzation of the peripheral end of the cut vagi are varia- 
ble, but depend in part on the state oi condition of the p}'lorus The 
following results may be seen (1) Section of one or both vagi may 
have no effect either on the hjpertonic (spastic) pylorus or on the 
atonic pylorus (2) Section of the vagi may be followed by pro- 
longed relaxation of a hypertonic pylorus and by prolonged contrac- 
tion of an atonic p 3 dorus (3) Tetamzation of the peripheral end of 
the cut vagi always induces contraction of the atonic oi moderately 
tonic pylorus, and may cause temporary or prolonged relaxation of the 



Fig 2 — Water manometer tracings showing types of spontaneous rhjthm 
of the p}']orus in a dog under barbital anesthesia Time m minutes 

hjpertoiiic or spastic p}lorus Tracings illustrating some of these 
reactions are reproduced in Figure 3 At no time were the lagi nenes 
sectioned after prioi section of the splanchnic nerves These results 
seem to warrant the following mterpi etation or conclusion 

(fl) The vagus nei\es send both motor and inhibitory efferents 
to the pylorus 

(b) Protracted p) lorospasiii ma}^ m special cases be due to hyper- 
activity of the vagi motor s}stem, since the spasm may deciease oi 
disappear on section of the vagi 

(c) Protracted atonicity may also be due to h)peiactiMty of the 
vagi inhibitory efferents, since section of the vagi may mciease the 
tonus of an atonic pyloius 

(d) The vagi inhibitory efferents are, at least m some cases, able 
to counteract a pyloiospasni caused by other than vagi factors, since 
a spastic pylorus may be relaxed by tetamzation of the peripheral end 
of the cut vagi 
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We lealize that these interpi etations aie not free from objections 
Since the vagi efferents act also on the entire stomach, and possibly on 
the duodenal motor mechanisms, it is possible that some of the vagi 
effects on the pyloius outlined abo\e in reality may be indirect effects 
fiom altered motor states of the stomach or duodenum It is also 
possible that some of the immediate or tempoiaiy effects on the pylorus 



Fig 3 — Water manometer tracings of a dog under barbital anesthesia 
Time in minutes la, weak tetanization of peripheral end of the left vagus nerve 
in the neck, showing temporary tetanus of the pjdorus followed by rhythmic 
contraction, Ila, pylorus in spasm, weak tetanization of the peripheral end of 
the vagus nerve m the neck, showing relaxation of the pylorus on vagus stimula- 
tion, III, atonic pylorus, a, section of the right vagus nerve, b, section of the 
left vagus nerve in the neck, showing increased tonus of the pylorus following 
section 


following section of the vagi in the neck are not due to section of motoi 
and inhibitory effeients to the pyloius but to mechanical stimulation 
of ^agl afferents and a leflex to the pyloius via the splanchnic effeients 
3 Influence of the Splanchnic Efl^ei ent Fihcis on the Pyloius — 
If the pylorus is atonic oi in model ate tonus only, stimulation of the 



Fig 4 — Water manometer tracing of a dog under barbital anesthesia a, 
beginning isolation of the left splanchnic nerves b, section of the left splanchnic 
nerves , c, tetanization of the peripheral end of the left splanchnic nerves, show- 
ing tonic motor control of the splanchnic nerves on the pylorus 

peiipheral end of the cut splanchnic nerves induces a marked contiac- 
tion of the pyloius (Fig 4, c) It seems more difficult to secure cleai 
inhibition of the pyloius or splanchnic stimulation, even when the 
pjlorus at the time is hypertonic, but we have occasionally noted such 
inhibition Our results are thus m complete agreement with those of 
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Thomas and Wheelon The pyloius leceives motor and inhibitory 
efteients both from the vagi and the splanchmcs The extrinsic efterent 
nei\e supply to the pjloius and to the caidia is theiefoie identical both 
m charactei and source ^ 

We have also occasionally noted marked lelaxation of the hypei- 
tonic 01 model ately tonic pyloius following the section of one pan 
of splanchnic nerves (Fig 4, b) This shows that in special cases 
hypertonus and spasm of the pj loins may be due to excess action of 
the splanchnic motoi eftereiits 

4 Rcflc.\es into the Pyloius fioni Stimulation of Visceial Semoiy 
Moves — (1) Mechanical or electrical stimulation of any visceral 
afteient nene may induce a tempoiaiy spasm of the pyloius We 
ha\e thus obtained coiiti actions of the pyloius b} piessing on, lub- 
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Fig 5 — Water manometer tracings of a dog under barbital anesthesia Time 
in seconds lo, pressing on the wall of the urinary bladder, Ila, rubbing the 
parietal peritoneum , b, traction on the ureters , Ilia, pressing the large intestine 
between the fingers, IVa, pressing the left kidney between the fingers, Va, 
stretching the rectum by forceps through the anus Showing reflex contraction 
ot the pylorus by mechanical manipulation of the abdominal Mscera 

bmg, sti etching oi ciushing the following oigans urinaiy bladder, 
ureters, kidneys, large and small intestines, mesenteiy and paiietal 
peritoneum Since all of these leflexes into the pylorus persist aftei 
section of both vagi in the neck, it is evident that mam efterent paths 
are in the splanchnic neives Stretching the anal sphincter or the 
lectum also causes a tempoiary p3loiospasm (Fig 5) So fai we have 
not seen an inhibitoiy leflex into the pyloius from stimulation of 
Msceral afteient neives The pylorospasms induced by these visceral 
irritations and tiaumas weie alwavs tempoiary, but they may outlast 
the stimulus by many minutes We have not tiied to elicit these pyloric 
leflexes after section of the splanchnic nerves or excision of the supra- 
lenal gland to eliminate possible inci eased output of epmephiin as a 
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factoi in the pylorospasm It will be remembered that epmephiin 
induces contraction of the pylorus This we confirmed on the dog 

It IS thus clear that the pylorus and the cardia stand in the same 
reflex relation to the afifeient nerves of the abdominal viscera^ The 
predominant reflexes from the viscera into these sphincters, under our 
experimental conditions, is motoi, and if prolonged they become 
cardiospasms and pylorospasms 

5 Reflexes mto the Pylojw; fiom Stimulation of Spinal Sensoiy 
Neives — Tetamzation of the central end of the sciatic nerve produces 
a temporary spasm of the pylorus (Fig 6), even after section of both 
vagus nerves In two experiments the sciatic stimulation induced 
lelaxation of a spastic pylorus Occasionally tetamzation of the sciatic 
nerve induces a primary conti action of the pylorus followed by a 
marked but temporary depression of the tonus of the pylorus 

6 Refleves into the Pyloiits fiom the Gastiic and the Duodenal 
Mucom — In this phase of the work we were piimarily interested m 
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Fig 6 — Water manometer tracings of a dog under barbital anesthesia In, 
strong tetamzation of central end of sciatic nerve, showing tetanus of the 
pylorus followed b 3 ' hypertonus , IIo, moderately strong tetamzation of the 
central end of the sciatic nerve, showing increased tonus of the pylorus followed 
by relaxation 


determining to what extent the findings of pievious investigators could 
be confirmed by these new experimental methods Unless the pylorus 
IS alread} m hypertonus or spasm, one never fails to secure contrac- 
tions of the pyloius from anything and everything that stimulates the 
nen’-e endings in the duodenal mucosa This pyloius reflex is induced 
by rubbing the duodenal mucosa with a probe, or a lubber tube, by 
slowly introducing from 5 to 10 cc of watei, weak acids or weak 
alkalis (Fig 7) The pylorospasm induced by acid and alkalis in the 
duodenum is more marked than that induced by water in the duodenum 
The stronger the acid or alkali, the stronger and the more piolonged 
IS the pylorospasm 

These observations merely confirm those of previous investigators, 
beginning with Pavlov’s pupil, Seidjukow But we see no justification 
for calling this reaction an “acid reflex” specifically, since everything 
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capable of stimulating the local nerve endings produces the reflex 
We oidmarily do not call the letraction of the leg of the frog on 
iiritating the skin of the toes with acids an “acid reflex” 

If these duodenal neive endings are hypeniiitable, as in an ulcer 
region, they may be continuously stimulated not only by water and 
by acid or neutral gastric content, but also by the alkaline bile and pan- 
creatic juice, and hence a moie or less continuous pyloiospasm may 
be induced 

It was shoAvn b} Biunemeier and Cailson® (1915) that the stimuli 
in the duodenum that call forth contraction of the pylorus, induce at 
the same time (and by local reflex mechanisms) inhibition of the tonus 
and conti actions of the empty stomach Those who seek foi teleo- 
logic relations may theiefore call this a “protective reflex,” the “gate” 
being shut and the driving powei of the stomach reduced so that foi a 
while at least no more irritating mateiial enters the duodenum 

Under our expeiimental conditions watei, acids (up to 0 2 per cent 
hydiochlonc acid) or alkalis acting on the antrum mucosa had no eftect 
on the tonus of the pylorus This is true whether the pylorus was in 
hypei tonus and spasm, in moderate tonus or atonic These substances 
acting in the stomach caused neithei relaxation noi contraction of the 
pylorus 

Our lesults, therefoie, offer no support to the theoiy that acids 
acting on the antrum mucosa lelaxes the pyloius But negative results 
in animals under anesthesia do not necessarily refute positive findings 
by means of the roentgen-ray method on animals not under anesthesia 
It seems, howe^el, that oui preparations should be no more abnormal 
than the excised and anemic stomach kept in oxygenated Ringer’s 
solution, and Cannon has reported that acids on the stomach side open 
the pyloius in such preparations 

SUMMARY 

A new method of accuiate and continuous recording of the tonus 
and contractions of the pylorus is described, a method that seems to 
imolve the minimum of local tiauma consistent with accurate graphic 
lecoidmg By this method on dogs under general anesthesia we find 
that 

Motor and inhibitoiy nerve fibers entei the pylorus by way both of 
the vagi and of the splanchnic nerves (confiiming previous obseiveis) 

There are types of pylorospasm that may be deci eased or removed 
by (a) section of the vagus neives, (Z?) by section of the splanchnic 
nerves, (c) by stimulation of the peripheral end of these nerves There 
aie states of atonicity of the p 3 dorus that may be leheved by section 

9 Brunemeier and Carlson Am Jour Phj'siol 36 191, 1915 
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of the vagus neives These facts indicate that states of spasm oi 
atonicit)'^ of the p}loius maj be caused by excess activity of eithei the 
vagus 01 the splanchnic efteients, motor and inhibitoiy 

Appiopnate stimulation of all visceral sensoiy, and at least some 
spinal sensory (sciatic, sacial), nel^es induces a tempoiaiy contiaction 
or spasm of the pylorus The vagus neives aie not necessaiy foi this 
leflex 

Mechanical or chemical watei, h3diochloiic acid and sodium cai- 
bonate irritation of the duodenal mucosa causes contiaction of the 
p}loius It does not seem justified to designate this specifically as an 
“acid 1 eflex ” These stimuli, acting m the antrum under the same 
experimental conditions, do not influence the motoi state of the pyloius 

Motor distui bailees of the pyloius maj’’ thus be induced not only by 
local pathologic condition in the stomach and duodenum, oi by abnoi mal 
states of the cential neivous system, but also by excessive iiritation 
of most, if not all, senson neives, paiticulailj those of the abdominal 
\ iscera 

As a woiking hypothesis, the view is advanced that the action of 
visceial efferents (sympathetic and autonomic), at least on some of 
the motoi mechanisms, are association oi i eflex i espouses and not 
simple peiipheral i espouses like that of the skeletal muscles on stimula- 
tion of the pyiamidal tract That is, the visceial effeients aie in 
reality afferents to local but diffuse leflex mechanism in the visceia 
The pre\ ailing view of simple antagonistic action of the vagus and the 
sympathetic systems is not tenable for the caidia, the stomach and the 
pylorus Motor oi inhibitoiy effects on these regions of the intestine 
aie produced by both the ^agl and the splanchnic systems, the chaiactei 
of the peiipheral i espouse depending on the initial ph}siologic state of 
the peripheial motoi mechanism, analogous to the so-called “postural 
leflexes” of the spinal-skeletal system 



A COMPARISON OF NORMAL STANDARDS FOR THE 
VITAL CAPACITY OF THE LUNGS OF WOMEN 

RUTH E BOYNTON, MD 

MIN^EAPOLIS 

Since the imention of the spirometer b\ John Hutchinson^ in 1846, 
many \ aluable observations have been made by him and numerous other 
investigatois on the iital capacity of the lungs in normal persons, as 
well as in those suffeiing from disease 

I shall not give a complete leview of the literatuie on this subject, 
but references to certain important and closely related contributions will 
be given 

It IS now an accepted fact that the Mtal capacity of a person is 
1 educed in certain diseased conditions of the lungs, pleura and heart 
The obseivations of Mj^ers,- Garvin, Lundsgaaid and Van Slyke,® 
Ulrich and Nathanson,'‘ Wittich, Myers and Jennings,® Peabody and 
Wentwoith,® Dre}er and Burrell ' and others have shown that there is a 
definite i elation between the vital capacit)’’ of the lungs and the amount 
and type of the pathologic condition of the thoracic organs Their 
studies also show that the vital capacity readings are an aid m rendei ing 
piognosis and in guiding a patient’s activities 

This lecognition of the value of vital capacity readings in clinical 
medicine has renewed the interest of investigatois to determine satis- 

* Read before the combined staffs of Lvmanlmrst School and Parkview 
Sanatorium, Minneapolis, June 26, 1923 

*From the Students’ Health Service and the Department of Preventive 
Medicine and Public Health of the Medical School, University of Minnesota 

1 Hutchinson, John On the Capacity of the Lungs and on the Respiratory 
Functions with a View of Establishing a Precise and Easy Method of Detecting 
Disease by the Spirometer, Medico-Chir Trans 29, 1846 

2 Myers, J A Studies on the Respiratory Organs in Health and Disease 
IV A Comparison of Vital Capacity Readings and Roentgen-Ray Findings in 
Pulmonary Tuberculosis, Tr National Tuberculosis Association, New York, 
June, 1921 , Am Rev Tuberc 5, 1922 V A Comparison of Vital Capacity 
Readings and Physical Signs in Pulmonary Tuberculosis, Minnesota Med 5 
233 (April) 1922 VI The Significance of the Vital Capacity Test m Pul- 
monary Tuberculosis, Bronchial Asthma, Pneumonia and an Acute Infection 
Outside the Respiratory Tract, Arch Int Med 30 648-667 (Nov ) 1922 

3 Garvin, A Lundsgaard, C, and Van Slyke, D Studies of Lung 
Volume II Tuberculous Men, J Exper Med 27 87 (Jan ) 1918 III Tubei- 
culous Women, J Exper Med 27 129 (Jan ) 1918 

4 Ulrich, H L, and Nathanson, M H The Vital Capacity of the Lungs 
m Cardiac Disease, Minnesota Med 4 721 (Dec ) 1921 

5 W ittich, F W , Myers, J A , and Jennings, F L A Study of the Effect 
of Pulmonary Tuberculosis on Vital Capacity, J A M A 75 1249 (Nov 6) 1920 

6 Peabody, F W, and Wentworth, J A Clinical Studies of the Respira- 
tion IV The Vital Capacity of the Lungs and Its Relation to Djspnea, Arch 
Int Med 20 443 (Sept) 1917 

7 Drejer, G, and Burrell, L S T Vital Capacity Constants Applied to 
Pulmonar> Tuberculosis, Lancet 2 374 (Aug ) 1922 
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factory standaids for normal persons, for without these, obriously, 
variations from the normal cannot be accurately determined 

That the vital capacity vanes accoiding to the age, sex, height, 
weight, ciicumference of the chest, sitting height and habits of life of 
the normal person has been well established Normal standards, based 
on a comparison of the vital capacity with these several factors, have 
been produced 

Hutchinson ^ concluded that the most reliable standard for estimating 
the vital capacity was the standing height For e\eiy inch in increase of 
height between 5 and 6 feet, he estimated an increase in the vital capacity 
of 8 cubic inches of air Hutchinson also noted the relation of the 
vital capacity to the body weight, but concluded that the variations in a 
normal standard were greater m comparing it to the weight than to 
the standing height 

Peabody and Wentworth ° also used the height of the person for their 
compaiisons They placed their normal peisons m tliiee groups, and 
the average vital capacity for each group was calculated 

A year latei (1917) Lundsgaaid and Van Slyke® concluded that 
theie was a more constant relationship between the vital capacity and 
the chest volume, calculated by measurements of the height, depth and 
breadth of the chest, than with an}'- of the other standaids which had 
previously been used 

Dreyer,® m 1919, compared the vital capacity with the body weight, 
surface area, the stem height and the chest ciicumference 

The data presented in this paper were calculated from tables pre- 
pared by Myers from the mathematical formulas of Dreyer,® the 
graphic chart of Du Bois and Du Bois,^^ and the observations of West 
and Myers 


8 Lundsgaard, C, and Van Slyke, D D Studies of Lung Volume I 
Relation Between Thorax Size and Lung Volume in Normal Adults, Jour 
Exper Med 2,7 65 (Jan ) 1918 

9 Dreyer, G The Assessment of Physical Fitness, New York, Paul B 
Hoebei 1921 

10 Myers, J A Studies on the Respiratory Organs m Health and Disease 
VIII A Method for Quickly Obtaining the Percentage of an Individual’s 
Theoretical Normal Vital Capacity of the Lungs, Am Rev Tuberc 7 , No 3 
(May) 1923 

11 Du Bois, D , and Du Bois, E F Clinical Calorimetry Tenth Paper A 
Formula to Estimate the Approximate Surface Area if Height and Weight Be 
Known, Arch Int Med 17 863 (June) 1916 

12 West, H F Clinical Studies on Respiration VI A Comparison of 
the Various Studies for the Normal Capacity of the Lungs, Arch Int Med 25 
306 (March) 1920 

13 Myers, J A Studies on Respiratory Organs m Health and Disease 
11 A Study of the Vital Capacity and Physical Fitness of Nurses with Tables 
Showing Calculated Vital Capacities for Normal Men and Women and a 
Method for Quicklj Obtaining an Expression of an Individual’s Physical Fitness 
Journal-Lancet 41 252 (May) 1921 
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The obsenations repoited in this papei were made on a group 
of 738 college women at the University of Minnesota -varying in age 
fiom 16 to 44 years The measuiements, with the exception of the 
Mtal capacity deteimmations which Avere made at the Students’ Health 
SeiMce, Aveie taken at the Women’s Gymnasium by the depaitment 
of ph}sical education at the time of a loutine physical examination 
The standing height without shoes was recoided in inches, the 
AA eight without clothes m pounds and the stem height in inches 

The vital capacity in cubic centimeteis Avas detei mined by means of 
a Sanboin Avater spirometei made accoiding to the specifications of 
Peabody and WentAvorth A minimum of thiee tiials Avas alloAved and 
the highest leading lecorded 

As the noimal standards foi Avomen are based on obset A'^ations on 
a compai atively small number of AA’^omen, I felt that a compaiison of 
a laigei group of appaientl}'^ noimal Avomen with the standards noAv 
accepted aaouW be of Aalue 


Table 1 — Percentage of Vital Capacity Calculated fiom Body Weight 


Percent igo o£ Aatal Oapncit\ 

Xumtier of Cases 

Percentage of Cases 

100 and oter 

2SS 

48 34 

90 to 99 

215 

2911 

SO to 89 

142 

19 24 

70 to 79 

84 

1138 

60 to 69 

9 

121 

50 to 59 

5 

0 67 

lotal 

7SS 

99 95 


The peicentage of Altai capacity calculated from the body Aveight 
foimula of Dreyei, the standing height, the surface area and the stem 
height AA^as recoided for each Avoman A total of 738 Avomen Aveie 
studied, although not all of the measuiements Avere lecorded on each 
of them 

In Table 1, the peicentage of Autal capacity calculated fiom the 
body Aveight by Dreyer’s ® formula =K is recoided The cases 

aie giouped so as to compare the number and percentage of cases AMth 
the calculated vital capacitA Of a total of 738 cases, 498, or 77 45 pei 
cent , Avei e 90 pei cent or moi e of the normal standard , and 240, oi 
22 55 per cent , Aveie less than 90 pei cent of the noimal standard 
Data are presented in Table 2 shoAVing the percentage of normal 
Autal capacity calculated from the suiface area The surface aiea Avas 
calculated from the height and Aveight according to the method of 
Du Bois and Du Bois by means of tables prepared by Myers 

Of a total of 480 cases, 311, oi 64 4 per cent, were aboAC 90 per 
cent of the normal standard , and 169 oi 35 2 per cent , were less than 
90 per cent of the noimal 
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West’s observations on eighty-five men and forty-four women, 
calculating the percentage of rital capacity from the surface area, 
showed only 5 5 per cent of the group less than 90 pei cent of the 
normal West’s gioup contained both men and women, and there were a 
comparatively large number of men with athletic training, so that a com- 
parison of the peicentage of cases less than 90 per cent cannot be 
accurately made 

Table 3 shows a gioup of 593 cases with the vital capacity calculated 
according to the standing height by means of a table piepared by 


Table 2 — Percentage of Vital Capacity Calculated fiom Snifacc Aica 


Percentage of Vital Capacity 

100 and o\cr 

90 to 99 

SO to 89 

70 to 79 

60 to 69 

50 to 39 

Number of Cases 

155 

156 

109 

47 

11 

2 

Percentage of Cases 

32 2+ 

32 2+ 

22 7->- 
9 7+ 

2 2+ 

04-1- 

Total 

•So 

99 4- 

Table 3 — Pciccntagc of Vital Capacity Calculated fioin Standing Height 

Percentage of Vital Capacity 

100 and 01 er 

SO to 99 

80 to 89 

70 to 79 

60 to 69 

50 to 59 

Number of Cases 

114 

130 

175 

127 

41 

0 

Percentage oi Case® 

19 2-r 

21 9+ 

29 5+ 

21 i + 

0 9+ 

1 0+ 

Total 

593 

99 9+ 

Table 4 — Pet centage of Vital Capacity Calculated fiovi 

Stem Height 

Percentage of Vital Oapaciti 

100 and oi er 

90 to 99 

SO to 89 

70 to 79 

00 to 09 

50 to 59 

Number of Cases 

59 

lOS 

141 

129 

45 

11 

Percentage of Cases 

11 9->- 
21 8+ 

28 6+ 

201-1- 
91 + 

2 2+ 

lot ll 

493 

90 7-r 


Myers on the basis of the accepted standing height formulas B) 
this method, we find only 234 cases, or 41 1 per cent, that aie 90 pei 
cent or more of the normal standard and 349 cases, or 59 8 per cent , 
less than 90 pei cent of the noimal 

Peabod> and Wentworth,*’ in their studies of forty-four noimal 
women, comparing the Mtal capacity with the standing height, found 
five cases, or 11 3 per cent, who were less than 90 per cent of the 
normal 

In Table 4, 493 cases from the same gioup of college women are 
classified accoiding to their normal vital capacity calculated from stem 
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height ineasuiements The stem height was supposedly measured accord- 
ing to the method described by Dreyer As I shall mention later in the 
paper, the possibilities of error in taking stem height measurements ai e 
great 

In the 493 cases in this group, 167, or 33 7 per cent , weie 90 pei 
cent 01 more than the normal standard , and 326, or 66 3 pei cent , 
wei e less than 90 per cent of the normal standard 

The two outstanding things shown in this comparison are first 
the close relation between the percentage of vital capacity calculated 
fiom the body weight formula of Dreyer and from the surface area and 
the fact that with both methods over 65 per cent of the cases are more 
than 90 per cent of the normal standards , second, that, confirming the 



Chait 1 — The relation between the various methods of computing the normal 
vital capacity 

obser\ations of Rogers on a gioup of college men, the correlation 
between the stem height and vital capacity is no bettei than between 
the standing height and vital capacity Also that apparently the normal 
standaids for women foi these two methods of computing the pei- 
centage of vital capacity are too high, since m both methods not moie 
than 41 per cent of the cases are above 90 pei cent of the normal 
Tables 5, 6, 7 and 8 group the persons examined according to age 
gning the number of cases in each age group and the aveiage percentage 
of Mtal capacity in each age group, the vital capacity being calculated 
from the body weight foimula of Dreyer, surface aiea, standing height 
and stem height 

14 Rogers, W L The Correlation of Vital Capacitv with Stem Height, 
Arch Int Med 31 342 (March) 1923 
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Tabic 5 — Avctagc Pci ccniage of Vital Capacity Calculated fiom Body ]V eight 

Gionped Accoidmg to Age in Yeais 




Average Percentage 

Age 

Ntimbci of Oases 

Weight 

IG 

33 

91 

IT 

130 

97 41 

18 

]9S 

9517 

10 

119 

95 38 

20 

03 

9812 

21 

SO 

97 33 

21 

24 

9310 

23 

14 

95 92 

24 

8 

102 87 

25 

4 

116 

20 

7 

92 71 

27 

4 

95 

28 

3 

89 00 

20 

3 

94 06 

30 ind ovei 

12 

94 40 

Total 

65S 



Taell 6 — Avciage Pci ccniage of Vital Capacity Calculated fiovi Suifacc Aiea, 
Gioupcd Accoidmg to Age m Yeais 
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As we should expect with a group of peisons at these ages, the 
curve of vital capacity peicentages laiies little between 16 and 30 years 
The apparent decrease aftei 24 years of age is undoubtedly due to the 
small number of cases m those groups 

Chait 2 shows again the close relationship between the vital capacity 
calculated from the body weight formula of Dieyer and the suiface 


Table 8 — Avciage Pei cenfage of Vital Capacity Calculated fiom Stem Height, 
Giouped Accoidtng to Age in Yeats 


Age 


A\ enge Percctmge 

Number of Cnses 

stem Height 

76 

25 

75 2 

IT 

139 

85 4 

18 

177 

82 ') 

19 

123 

821 

20 

65 

82 6 

21 

29 

818 

22 

20 

78 4 

23 

13 

905 

24 

11 

77 5 

25 

4 

77 2 

26 

8 

70 3 

27 

6 

83 3 

28 

3 

73 3 

29 

4 

78 

''0 nnd o^cr 

35 

771 

lotnl 

642 




16 IT 18 19 ZO n It Z5 Z4 Z5 Z6 £7 26 29 30eover 


inYeArs 

Chart 2 — Percentage of ital capacit}'’ according to age Graphic repre- 
sentation of data contained in Tables 5, 6, 7 and 8 

area With the exception of the sudden rise at age of 25 in the per- 
centage by body weight, at no point do they differ by more than 7 per 
cent, the average variation being about 3 per cent West^- recoids a 
\ariation of 2 pei cent m his cases 
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We again see the standing height and stem height detei niinations 
lunning practically paiallel but at a lowei level than the othei two At 
the age of 23 years, the average vital capacity is 90 pei cent , which 
IS the highest lecoided when computed from these measurements 

In assuming that the normal standard should be 100 per cent and a 
\aiiation of 10 per cent on either side is to be considered within the 
limits of normal, fiom observations in this group of appaiently normal 
pel sons, the piesent standaids foi women nould seem to be too high, 
especially those foi calculations fiom the standing height and stem 
height It would seem desnahle that a caieful study and piepaiation of 
new normal standaids be made after taking measurements on a larger 
gioup of women 

That the possibility of eiioi m taking measurements of the stem 
height IS greater than m the othei s lecorded is obwous As has been 



Chart 3 — This shows the great \anation in the percentage of vital capacity 
calculated from two records of stem height on the same persons The broken 
line indicates the curve calculated from measurements taken at the time of a 
routine physical examination , the continuous line is the curve calculated from 
measurements taken on the same persons at a special examination to recheck the 
vital capacity 

pointed out by others, the gluteal muscles may cause a vaiiation of 
from 1 to 3 cm We obtained data on a gioup of approximately 100 
women, which illustrates cleat ly this possibility of error in recoidmg 
the stem height The stem height was measured at the time of a 
loutine physical examination lequiied foi entrance to the University of 
Minnesota The measuiements were then taken by the department of 
physical education, supposedly according to the direction of Dreyer,® but 
by persons not interested especially m the use of the measuiements for 
calculating the percentage of vital capacity 
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One hundred of these same women, a few weeks later, weie 
examined at the Students’ Health Service especially for a rechecking of 
the measurements and records for computing their vital capacity The 
stem height measurements were taken by either a nurse oi a physician 
who were vitally interested in procuring accurate data for statistical 
purposes 

Because of this possible souice of error in taking the stem height 
and the comparative small souice of erior in recording the body weight 
and surface area, foi practical clinical work in vital capacity determi- 
nations it would seem advisable to advocate simply the use of weight 
and body sui face determinations to compute the percentage of normal of 
a pel son’s vital capacity For the scientist, the stem height measure- 
ments aie of value and will, of course, continue to be used In certain 
cases, especially when there is a disproportion between the standing 
height and length of the trunk, or in obese persons, the stem height 
measurements give a moie accurate percentage of the person’s normal 
Mtal capacity 

SUMMARY 

1 From observations on a group of 738 college women, vaiying in 
age from 16 to 44 years, the normal standards for the percentage of 
vital capacity calculated from the body weight formula of Dreyer, sur- 
face area, standing height and stem height are apparently too high, 
especially for the standing height and stem height 

2 The correlation of the vital capacity with the body weight as calcu- 
lated by Dreyer and with the surface area are appi oximately equal and 
the most reliable for oidinary use 

3 The correlation of the vital capacity with the stem height is no 
bettei than with the standing height among college women 

4 The possibility of error in measuring stem height is so gieat and 
in measunng body weight and height so small that for piactical purposes 
the stem height measurements may be eliminated 



THE OCCURRENCE AND SIGNIFICANCE OF THE 
“MYELOBLAST” UNDER NORMAL AND 
PATHOLOGIC CONDITIONS 

PRELIMINARY ACCOUNT 

HAL DOWNEY, PhD 

MINNEAPOLIS 

The following paper is a brief account of the results of several years 
of investigation of the subject indicated in the title The complete 
paper with detailed discussion of the literature will be published in some 
European journal, because the numerous colored plates will have to 
be lithographed 

Naegeli ^ (1900) was the first one to express the view that the non- 
granular cells of the marrow are specific parenchymatous cells of this 
tissue which serve as the parent cells for the granular leukocytes 
Naegeli stated emphatically that although they possessed some lymphoid 
characters, they differed from true lymphocytes in their morphologic 
and biologic characters, and that their origin was entirely separate from 
that of the lymphocytes 

But Naegeli was not the fiist one to express the theory of a poly- 
phyletic origin of the blood cells, and he was not the first one to describe 
lymphoid cells in the marrow Ehrlich ^ had previously asserted that 
each type of blood cells had its own specific parent cell, and that these 
were not related, except through the embryonic mesenchyme 

The occurrence of lymphoid cells in the marrow was known to many 
authors previous to the announcement of Naegeh’s myeloblast theory 
Freiberg “ ( 1892) described lymphoid cells in the marrow of dogs 
Arnold^ (1895) called attention to the fact that lymphoid cells occur 

in the marrow of frog and man, and Hirschfeld,'’ in 1898, was the first 

> 

* Presidential address delivered before the Minnesota Pathological Society, 
May, 1923 From the Hematological Laboratory, Department of Animal 
Biology, University of Minnesota Aided by a grant from the Research Funds 
of the Graduate School 

1 Naegeli, O Ueber rotes Knochenmark und Mycloblasten, Deutsch med 
Wchnschr 26 287, 1900 Blutkranheiten und Blutdiagnostik, Berlin u Leipzig, 
Vereinigungwiss Verleger, 1919 

2 Ehrlich, P , and Lazarus, A Die Anamie, Pt 1, Normale und patho- 
logische Histologic des Blutes, 1898 

3 Freiberg, H Expenmentelle Untersuchungen uber die Regeneration 
der Blutkorperchen im Knochenmark, Thesis, Dorpat, 1892 (Cited fiom 
Weidenreich ) 

4 Arnold, J Zur Morphologic und Biologic der Zellen des Knochenmarks 
Virchows Arch f path Anat 140 411, 1895 

5 Hirschfeld, H Zur Kenntnis der Histogenese der granulierten Knochen- 
markszellen, Virchows Arch f path Anat 153 335, 1898 Ueber akutc 
Leukamie, Folia Haematol 4 202, 1907 Die unitansche und dualistische 
Auffassung uber die Histopathologic der Leukamien, Folia Haematol 6 382, 
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to claim that they differentiated into granular leukocytes He stated 
that these cells were not necessarily lymphocytes, although he could see 
no moiphologic difference between them and true lymphocytes of the 
lymphatic tissues and blood Engel,” Jolly, ^ and Pappenheim « also 
described I3 mphoid cells in the marrow previous to the birth of Naegeh’s 
myeloblast Pappenheim, in 1899, stated that these lymphoid cells are 
identical with Troje’s” marrow cells and also with the lymphocytes of 
the blood and lymphatic tissues 

Naegeli’s view of the specific nature of the myeloblast was soon 
accepted b} many, notably Schndde,^” but not all of those who accepted 
the dualistic view were willing to grant the existence of specific mor- 
phologic characters for the myeloblast which would always distinguish 
it fiom the lymphocyte or lymphoblast Michaelis and Wolff (1901) 
describe “indifferent lymphoid cells” in the marrow which change to 
gianular leukocytes They believe that lymphocytes, on the other hand, 
are diffeientiated lymphoid cells without the capacity for granular dif- 
ferentiation However, they could see no morphologic difference 
between lymphocytes and the indiffeient lymphoid cells of tlie marrow 
Tuik^“ ( 1904) designated the undifferentiated marrow cells as “lymphoid 
marrow cells” The only distinction between them and lymphocytes is 
the fact that the marrow cells differentiate while the lymphocytes do 
not There are no morphologic distinctions but they should be kept 
separate nereitheless Butterfield, Heineke and Meyer although 

6 Engel, C S Weitere Beitrage zur Entwickelung der Blutkorperchen 
beim menschlichen Embryo, Arch f mikr Anat 53 322, 1898 

7 Jolh, J Recherches sur la division indirecte des cellules lymphatiques 
granuleuses de la moelle des os, Arch d’Anat Microscop 3 168, 1899-1900 

8 Pappenheim, A Vergleichende Untersuchungen uber die elementare 

Zusammensetzung des roten Knochenmarks einiger Saugetiere, Virchows Arch 
f path Anat 157 19, 1899 Atlas der menschlichen Blutzellen, Jena, G Fischer 
1905-1912 Ueber die Deutung und Bedeutung einkerniger Leukocytenformen 
in entzundlichen Zellanhaufungen mit besonderer Rucksicht auf die lokale 
Eosinophihe, Folia Haematol 8 1, 1909 Zur vorstehenden Mitteilung 

Dominici’s, Folia Haematol 8 107, 1909 Ueber die Wandlung des Lymphoidozy- 
tenbegriffs und der Blutstammzellen, Folia Haematol , Arch 21 207, 1917 
Morphologische Hamatologie, Leipzig, W Khnkhardt, 1919 Pappenheim, A, 
and Hirschfeld, H Ueber akute mjeloide und lymphadenoide makrolymphozy- 
tare Leukamie an der Hand von ^wei verschiedeneii Fallen, Folia Haematol 
5 347, 1908 

9 Troje Cited from Pappenheim 

10 Schndde, H Myeloblasten, Lymphoblasten und lymphoblastische 
Plasmazellen, Ziegler’s Beitr z path Anat u z allgem Path 41 223, 1907 

11 Michaelis, L , and Wolff, A Die Lymphocyten, Deutsch med Wchnschr 
27 651, 1901 

12 Turk, W Benchte aus den wissenschaftlichen Vereinen, Wiener med 
Wchnschr 54 1430, 1904 Vorlesungen uber klinische Hamatologie, Pt 1, Wien, 
1904 Ueber die Beziehungen zwischen myeloidem und lymphatischem Gewebe 
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13 Butterfield, E E , Heineke, A, and Meyer, E Ueber das Vorkommen 
der Altmannschen Granulationen in den weissen Blutzellen, Folia Haematol 
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accepting the duahstic view, state that all of the moiphologic chaiacteis 
claimed for the lymphoblast by Naegeh and Schiidde aie also to he 
found m the nweloblast, including the Altmann-Schi icicle gianules 

Helly“ (1910) follows the old Ehilich view and believes that the 
m^elocyte is the most piimitive type of gianulai cell in the maiiow 
He states that gianiilai leukoc}tes aie derived fiom nongianulai cells 
noimalh only in the embi }0 In pathologic human and expeiimental 
mammalian mariow he finds them only m cases showing signs of anemic 
clegeneiation, and he, theiefoie sees m them signs of an exhausted 
piocess of blood foimation Most of them aie dedifieientiated eiythio- 
blasts, but some aie clechfiei entiated neiitiophil myelocytes and some 
aie oichnary lymphocytes 

Opposed to the duahstic and polyplnletic views is the unitaiian oi 
monoph}letic theoiy of the oiigin of blood cells Accoi cling to this 
view, all of the blood cells aie i elated and they aie all descended fiom 
one type of paient cell The extieme imitaiian view as lepiesented b^ 
Maximow,^’’' Weidenieich,^® Danchakofl and their followeis, accepts 
the hmphoc}te as this paient cell, but accoi cling to Pappenheim,'' 
Feiiatci^® and then school, the paient cell is the m}eloblast of Naegeh 
which in the noimal adult is to be found m the bone maiiow onl} The 
l}mphocyte is descended from this ‘'lymphoiclocyte,” as Pappenheim 
calls it, in the embiyo, while the lymphocytes of the adult aie main- 
tained by paitially diffei entiated lymphoblasts of the lymphatic tissue 
and oigans Pappenheim lecognizes the possibility of lelations between 
gianulai leukocytes and lymphocytes by*' way of the dediffei entiated 
lymphocyte which has i everted to the lymiphoidocyte stage and is then 
capable of difieientiatmg into a gianulai leukocyte Foi the noimal 
adult Pappenheim is ivilhng to admit that the cell which Naegeh 
desciibecl as a my^eloblast is to be found only'’ in the maiiow, hut, nevei- 
theless, it may show lelationships with the lymphocytes, foi it may' 
occui m the acute lyanphatic leukemias, and lymphocytes aie deiived 
fiom it 111 the embiyo 

14 Kelly, K Kiitik dei sogcnnantcn Mycloblastcn, Verhandl d deutsch 
path Gesellsch 14 198, 1910 Aaniisclie Degeneration unci Eiythrogonien, 
Ziegler’s Beiti z path Anat u allgem Path 49 15, 1910 

15 Maximow, A Der Lymphozjt als geineinsame Stammzelle der vei- 
schiedenen Blutelemente in der emhryonalen Entwicklung iind im postfetalen 
Lehen der Saugetiere, Folia Haematol 8 125, 1909 Expenmentellc Unter- 
suchungen ziii postfetalen Histogenese dcs myeloiden Gewehes, Zieglei’s Beitr 
z path Anat u Allgem Path 41 122, 1907 

16 Weidenreich, F Die Leukocjten nnd ^el\vandte Zellformen, Wieshadcn 
J F Bergman, 1911 

17 Danchakoff, V Origin of the Blood Cells Development of the 
Haematopoetic Organs and Regeneration of the Blood Cells from the Stand- 
point of the Monophyletic School, Anat Rec 10 397, 1916 

IS Ferrata, A Le emopatie, Milano, Societa Editrice Lihrana 1 , 1918 
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Maximow and Weidenreich do not agree with this view, they 
deny the existence of the myeloblast and Ivmphoidocyte and claim that 
theie IS abundant evidence for the differentiation of granular leukocytes 
and erythrocytes from the true lymphocyte The so-called myeloblast 
IS merely a temporary vaiiation form of the lymphocyte, which is of no 
significance, or the structure which has been described for it is the 
lesult of the dry smear method on which most of the descriptions of 
this cell are based With the section method they can see no difference 
between lymphocytes and the nongranulai cells of the marrow 

Maximow admits that in newly bom animals there aie certain dif- 
ferences between myeloblasts and lymphoblasts, but these differences 
are slight, and the diff ei ences between the myeloblasts are often greater 
than those between myeloblasts and lymphoblasts, and they are not suf- 
ficient to justify sharp division between the two They may be 
accounted for by the different mediums in which the cells are located 
No one who has worked with the blood from a case of myelogenous 
leukemia will agree with Maximow’s and Weidenreich’s denial of the 
existence of the cell described by Naegeh as the “myeloblast ” On the 
other hand, there has accumulated a large body of evidence in favor 
of their view of the possible derivation of granular leukocytes from true 
lymphocytes The following may be cited as examples of this type of 
evidence 

Delamare^® (1901) found esosinophil myelocytes in the follicles of 
normal lymph nodes of rabbits and pigs The nuclei of these myelo- 
cytes resembled those of lymphocytes both m size and distribution of 
chromatin All intermediate stages between lymphocytes and poly- 
morphonuclear eosinophils weie found, and some of the cells contained 
only a few granules He also found nucleated reds within the follicles 
of a mesenteric lymph node of a gray rat 

Stschastny (1905) obtained geneial and local eosinophiha by 
injections of foreign erythrocytes and hemolytic serums Mononuclear 
eosinophils were found in the peiitoneal exudate, in the lungs, lymph 
nodes and spleen Their nuclei resembled those of large mononuclears 
and lymphocytes Typical myelocytes were not found 

Dominici obtained the differentiation of myelocytes within the 
follicles and germ centers of lymph nodes and spleen of rabbits with 

19 Delamare, G Note sur les cellules eosinophiles et les hematics niiclees 
du ganglion lymphatique normal, C R de la Soc de Biologic S3 849, 1901 

20 Stschastny, S M Ueber die Histogenese der eosinophilen Granula- 
tionen im Zusammenhang mit der Hamolyse, Ziegler’s Beitr z path Anat u 
z allgem Path 38 456, 1905 

21 Dominici, H De I’origine lymphatique ou amyeloide des polynucleaires 
ou leucocytes granuleux a noyau polymorphe, Folia Haematol 8 97, 1909 
Etudes sur le tissu conjonctif et les organes hematopoietiques des mammiferes 
Arch d’Anat Microscop 17 1, 1921 
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experimental infections and lepeated bleedings He also noted myeloid 
metaplasia of the lymphoc}'tes of the taches laiteuses of the omentum of 
rabbits infected with taeniae, and this obseivation was confiimed by 
Pappenheim 

Maximou ligated the vessels of the kidne}, an operation which 
resulted in the production of bone and bone mariow within the kidney 
The myeloid cells of the maiiow could be traced to the lymphocytes 
which migrated fiom the ^essels Some of these lymphocytes began 
their diftei entiation to gianular leukocytes while they weie still in the 
vessels Recently Maximow has obtained the diftei entiation of lympho- 
cjdes fiom cultuies of lymph nodes giown with cell-fiee bone maiiow 
extract 

Weideiireich and I -- desciibed and figuied the diftei entiation 
of small and medium sized lymphocytes to gianiilai leukoc}tes in 
the lymph nodes of the weasel The small m}eloc}tes neie of 
special significance, for they were of the size of small lymphocytes, and 
then nuclei had exactl}'- the same stiucture and the same amount of 
chromatin as the nuclei of the suiiounding small l5'mphocytes Typical 
myelocytes with pale nuclei weie also noted in the same prepaiation 
This checks with Dommici’s obseivation that lymphocytes can dif- 
feientiate into granulocytes without change m then inner nuclear chai- 
actei s 01 the nuclei ma} change to the myelocyte t} pe, giving two types 
of mononucleai granuloc} tes The myeloc}tic type is the common one 
foi the marrow, nhile the lymphoc)tic type is moie frequent in the 
tissues 

According to Weideineich and Weill myelocytes aie common in 
the hemolymph nodes of sheep and othei animals and in the nonnal 
mucosa of the digestne tiact and in the thymus of adult man They 
deiive these cells fiom lymphocytes 

I ha\e obtained myeloid metaplasia of lymphocytes of all types in 
the omentum of rabbit sunounding a graft of foreign tissue, and I have 
also confiimed Domniici’s observation of the occuiience of myelocytes 
within the follicles of lyanph nodes of labbits which have been bled 
repeatedly 

Recently one of my students. Dr Logefeil, obseived extremely 
small myelocydes, no larger than a small lymphocyte, with small dark 

22 Downey, H , and Weidenreich, F Ueber die Bildung der Lymphozyten 
in Lymphdrusen und Milz, Arch f mikr Anat 80 306, 1912 

23 Weill, P Ueber die Bildung von Leukozyten in der menschlichen und 
tienschen Thymus des erwachsenen Organismus, Arch f inikr Anat 83 305, 
1913 Ueber die Bildung ^on granulierten Leukozyten im Karzinomgenebe' 
VircIwYs Arch f path Anat 226, No 2, 1919 Ueber die leucocUaren Elemeqte 
der Darmschleimhaut der Saugetiere, Arch f mikr Anat 93 1 1919 Ueber 
das regelmassige Voikoinmen von ktyelocyten in der Milz des eri\ aclisenen 
Menschen, Arch f mikr Anat 93 82, 1919 
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nuclei absolutely identical with those of the surrounding small lympho- 
cytes in a case of mixed leukemia 

These facts, and many more which might be cited, prove beyond 
question that lymphocytes may under certain conditions differentiate 
into myeloid cells, that js, granulai leukocytes and red cells Normally, 
this may occur to a limited extent in the thymus and intestine, but not 
in lymph nodes or human spleen 

Howe\er, these facts do not dispose of the myeloblast as readily 
as many of those who hold the Unitarian view seem to think, for, as 
eveiy pathologist knows, a cell of that structure does exist, at least 
in the leukemic blood But it does not necessarily follow that the cell 
IS a myeloblast m Naegeh’s sense, that is, it does not have to be a cell 
which occurs in the normal marrow and only in the mairow It may 
be an atypical pathologic cell type which does not occur in the noimal 
pel son, 01 It ma}?' be a dedifferentiated myelocyte or erythrocyte, as 
claimed by Hell} Naegeli believes that the cell is specific for the 
marroAV and that it is m no way related to the lyinphoc}te I shall 
discuss his statements one at a time 

NAEGCLI’S THEORIES 

Moi plwlogic — Naegeli’s morphologic criteria for distinguishing the 
myeloblast have undergone considerable change since 1900, the dis- 
tribution of the nuclear chromatin in the form of a delicate network 
being the only one of the original Naegeli characters to stand the test 
of time Absence of nucleoli in the myeloblast wds at first one of its 
distinguishing featuies, but now Naegeli claims that the myeloblast has 
from two to four nucleoli and the lymphoblast one to two Butterfield."^ 
Schiidde^“ and others have shown that the number of nucleoli is 
inconstant for the individual cells of the the two types It still remains 
a fact, however, that on the a\erage the myeloblasts have smaller, moie 
lounded and moie numerous nucleoli, while the nucleoli of lymphocytes 
are usually not so numerous, aie larger and more iriegular m outline 
and more deeply stained 

Naegeli states that the granules which may occur m myeloblasts 
are unripe neutrophil granules and not azure granules, as is claimed by 
other workers Few agree with Naegeli on this, but many recognize a 
special type of m}eloid azure granulation which may occui m myelo- 
blasts and leukoblasts, but not m lymphocytes 

Naegeli made much of the Schndde fuchsmophil granules which 
were supposed to be specific for lymphoblasts until Butterfield, Meyer 

24 Butterfield, E E Ueber die ungranuherten Vorstufen der Myelocy^ten 
und ihre Bildung in Milz-, Leber- und Lymphdrusen, Deutscb Arch f klin Me 
92 336, 1908 
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and Heineke^^ and Wallgren"^ showed that they can occui in myelo- 
blasts also They have been shown to be mitochondria Inch may occm 
m all blood and tissue cells and are, therefoie, not specific foi any one 
type of cell According to Naegeli’s latest view, these granules occur m 
lymphoblasts and myeloblasts of smeais, but not in the myeloblasts of 
sections Those in the m3'’eloblasts are in the foim of short thieads or 
commas, nhile those of the lymphoblasts are shoit rods located m the 
peiinuclear area 

Biologu Differences — Proteol}tic and ox}dase feiments occur 
in m}eloblasts but not m lymphoblasts Sometimes the oxidase is 
absent from in} eloblasts, but this is due to injur} of the cell 

I ha^e not imestigated the oxydase reaction, but a few statements 
fiom the hteratuie are of interest 

M L Menten concludes that the reaction is an adsorption phe- 
nomenon dependent on piopeities of mtiacellulai surfaces It is not 
specific foi myeloid cells, for lymphoc}tes give a well marked reaction, 
although the reaction is stiongei m eosinophil and neutrophil leukocytes 
Many tissues give the reaction, so it is by no means specific for blbod 
cells 

Hynek-' refers to a case of myelogenous m}eloblastic leukemia in 
which the myeloblasts did not give the reaction, and he also refers to a 
case of Decastello in which the reaction was negative 

Klein show^ed that lymphocytes also give the reaction, and W 
Schulze"® found that the ni} eloblasts of the normal marrow^ usually 
do not give the reaction, wdnie the pathologic im eloblasts in blood and 
organs in myeloblastic leukemia are usually positive 

Cition®® states that negative oxydase reaction is frequently found 
m undoubted myeloid-leukemic changes, and so it does not determine 
the myeloic oi lymphatic nature of the condition Positive reaction 
proves myeloid cell nature existing at the time, but does not tell us any- 
thing of the genesis of these myeloid cells, as from previously negative!} 
reacting lymphocytes 

Histologic Differ ences — Myeloblasts are found normally only in the 
marrowq never in lymphatic organs, especially not in follicles or geim 

25 Wallgren, A Zur Kenntnis der hmphoiden Zellen des Kanmchenblutes, 
Foha Haematol 8 307, 1909 

26 Menten, ML A Studj of the Oxydase Reaction with Alpha-Naphthol 
and Para-Phenylenediamme, J M Res 40 433, 1919 

27 Hynek, K Zur Monozj tenf rage, Folia Haematol, Arch 13 345, 1912 

28 Klein, S, cited from E Neumann Virchows Arch f path Anat 207 
379, 1912 

29 Schulze, W Zur Differentialdiagnose der Leukamieen, Jilunchen med 
Wchnschr 56 167, 1909 

30 Citron, J Ueber zwei bemerkenswerte Falle ^on (akuter) Leukamie 
Folia Haematol , A.rch 20 1, 1915 
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centers Under no circumstances aie mjelocytes ever developed 
in the follicles and geim centers of lymph nodes and spleen When 
mjeloid metaplasia occurs it is always in the pulp or interfollicu- 
lar and medullary tissue of Ijmph nodes The myeloid and lymphatic 
tissues aie antagonistic to one another, if one hypertrophies, the 
othei IS suppressed or crowded out In myelogenous leukemia the 
follicles are reduced or entiiel} suppressed, while m lymphatic leukemia 
there is a great oveigiowth of follicles at the expense of the pulp and 
raedtillaiy tissue 

These are complex questions, and their complete discussion would 
lequiie many pages However, a few statements from the liteiature 
with some observations of my own and of my students will prove that 
there is something to be said on the other side of these questions 

Fust, in regard to the statement that myeloblasts and myelocytes 
can never occur in the follicles Dr IT Z Giffin has reported a case 
of peisistent eosmophilia in which I have found eosinophil myelocytes 
in the geim centers of the follicles of the spleen, and myelocytes were 
observed by Domimci and myself in the follicles of lymph nodes of 
1 abbits which had been bled repeatedly Roman observed myelocytes 
in the geim centers of tonsillar follicles and also in the germ centers 
of the follicles of a ceivical lymph node in a case of myelogenous chloro- 
leukemia This is not intei preted as an invasion of the geim centers 
from the outside, because there were few myelocytes in the immediate 
vicinity of the follicles In spite of the fact that the author is a 
dualist, he interprets his findings as indicating tiiie myeloid metaplasia 
of the germ centers 

That myeloblasts may also occur in the follicles was shown by 
Cition^® and by one of ni)'- students. Dr Fmeman Both of these 
cases were cases of lymphatic leukemia in which most of the lymphoid 
cells of the blood were of the myeloblastic type In Citron’s case the 
mariow was normal and the myeloblasts weie seen to be coming from 
the follicles and germ centers as well as from other parts of the nodes 
Fmeman was unable to get marrow from his case, because necropsy 
was not permitted, but a lymph node removed at biopsy during the 
height of the pioliferatwe activity showed the myeloblastic type of 
cell all through the node Clinical observation of the case permits the 
assumption that all of the cells of my^eloblastic t3'’pe which were noted 
111 the blood were coming from the lymph nodes lather than from the 
marrow, for there was no evidence of increased marrow activity 

31 Giffin, H Z Perbistent Eosmophilia with Hyperleucocjtosis and 

Splenomegaly, Am J M Sc 158 618, 1919 , 

32 Roman, B Zur Kenntnis der myeloischen Chloroleukamie, Zieglers 
Beitr / path Anat u z allgem Path 55 61, 1913 

33 Fmeman, S A Study of Microlymphoidocj tic Leukemia, Arch Int Me 

29 168 (Feb) 1922 



DOJl'i\E] —Ml ELOBLASl S 


309 


The supposed antagonism between the lymphatic and myeloid tis-, 
sues IS the stiongest point uiged by the dualists m favoi of their 
vien of the specific myeloid natuie of the myeloblast At first thought 
this aigument seems difficult to meet, but this is true only when one 
tails to considei all of the known facts in the case The liteiatuie 
contains many observations against this Mew, and I and my students 
can add more 

Werzberg^^ and Heitz,-^® studying expeiimental myeloid meta- 
plasia, showed that myeloid metaplasia may occur at a time when 
there is hypertiophy of the follicles Sternbeig®® states that in mye- 
logenous leukemia the lelatne abundance of pulp and follicles of the 
spleen is extiemely variable In some cases both pulp and follicles are 
equally enlarged, and in others the hypertrophy involves either the 
follicles or the pulp The pulp may be gieatly inci eased and the 
follicles only slightly so, or the follicles may be completely suppressed 
Myelocytes may occur m the follicles Follicles of lymph nodes may 
also contain myelocytes, especially in their peripheial parts 

Isaac and Cobhner lepoit two cases in which the blood was that 
of chronic lymphatic leukemia, while the histologic changes of the 
oigans were those commonly found m myelogenous leukemia Pappen- 
heini states that myelogenous leukemia may occur with a normal 
marrow, and lymphatic leukemia may be centered in the marrow leaving 
the lymph nodes normal 

Hirschfeld ° cites a numbei of cases of acute leukemia which 
show all of the intermediate stages between acute lymphatic and 
acute myelogenous leukemia He concludes that this is proof for the 
correctness of the unitanan view, and that this view gives the only 
explanation for these variations in the character of the cases cited 

Cases of so-called mixed leukemia, that is, cases m which the 
lymphatic and myeloid tissues show equal activity, are of special impor- 
tance in deciding this question Such cases have been reported by 
Decastello,®® Turk,^^ Hirschfeld,'^ Herxheimer and A Heiz'^" In 

34 Werzberg, A Neue experimeiitelle Beitrage zur Frage der iTi 3 ?eloKlen 
Metaplasie, Virchows Arch f path Anat 204 272, 1911 

35 Hertz, R Zur Frage der expenmentellen myeloischen Milz-Metaplasie 
Zeitschr f Khn Med 71 435, 1910 

36 Sternberg, C Pnmarerkrankungen des lymphatischen und hamato- 
poetischen Apparates , normale und pathologische Morphologic des Blutes 
Ergeb d allgem Path u path Anat (Lubarsch-Ostertag) 9 360, 1905 

37 Isaac, S , and Cobliner, S Ueber mikrolymphozytare T 3 ''pen akutei 
m 3 'eloischer Leukamieen, Folia Haematol, Arch 10 459, 1910 

38 Von Decastello, A Ueber Leukopenic und kleinlvmphozytare Umwand- 
lung des Knochenmarkes bei chronischer myeloischer Leukamie und bei Sepsis 
Folia Haematol , Arch 13 471, 1912 

39 Herxheimer, G Ueber einen kombmierten Fall von lymphatischer und 
M 3 'eloblastenleukamie, Zentralbl f allgem Path 24 897, 1913 

40 Herz, A Zur Frage der gemischten Leukamie, Wiener klin Wchnschr 
22 1030, 1909 Die akute Leukamie, Leipzig, F Deuticke, 1911 
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, spite of the pronounced activity of both systems, these authors, except 
Hirschfeld, thought that the two lemained distinct and separate One 
of our own cases, however, which has just been worked over by Di 
Logefeil, shows free mixing of the cells of the' two systems The Inei 
shows the changes characteristic of lymphatic leukemia Poitions of 
the spleen show extensive myeloid metaplasia, but in other paits there 
IS a decided oveigiowth of lymphatic tissue In the lymph nodes there 
is diftuse Ij-mphatic increase accompanied by myeloid metaplasia The 
leukemic infiltration of the lungs, kidnejs and pancreas consists of 
lymphocytes and myelocytes freely mixed The blood of this case is also 
mixed, and it is evident that both myelocytes and lymphocytes aie 
derived from the myeloblast The diagnosis of mixed leukemia was 
hist made from the blood and the organ changes were found to be just 
as anticipated from the blood findings 

These reports from the literature and oui own findings are surely 
not in line with the usual dualistic conception of the antagonism of the 
one tissue for the othei One of the strongest arguments of the 
dualists, therefoie, falls to pieces 

RESULTS OF AUTHOR'S RESEARCHES 

But the myeloblast of Naegeli as a cell type still remains I have 
already presented some evidence to indicate that this cell is not a specific 
bone marrow cell My personal imestigation of this question extending 
ovei several years has uncoveied more facts in favor of this view 
It IS this work which I now wish to consider briefly 

The question is too complex to be solved by the use of any one 
method or of any one type of material The conflicting views on this 
subject are undoubtedly due largely to the fact that past woik has been 
too one-sided The anatomists have lelied on the section method and 
have failed to study the pathologic matenal Pathologists and clinicians 
on the other hand, have pinned their faith to the pathologic material, 
largely human, and seem to have forgotten that normal tissues and 
organs are still to be had Some are also unaware of the fact that 
anatomists and histologists have woiked on blood and have even written 
about It 

In my own work I have tried to avoid the foregoing objections bj 
utilizing a great variety of normal, pathologic and experimental matenal 
and by consideiing all of the available literature 

It seems almost axiomatic that in a pioblem of this kind one should 
tuin first to the normal tissues, but curiously this side of the pioblem 
IS the one which has leceived the least attention in the past 

In the course of the work it soon became evident that the section 
method is the least lehable By this method the finer nuclear structines 
which we aie accustomed to see in the blood smeais disappeai, and it 
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IS indeed difficult if not impossible to distinguish between the lympho- 
cytes of lymph nodes and the lymphoid cells of the mairow Fine 
smears of marrow and lymph nodes can be obtained if they are fixed 
in Helly’s fluid while they aie still moist and then treated as though 
they were sections But even with this method it is impossible to 
distinguish the finei details, and therefore impossible in many cases to 
compare tissue cells with cells of the blood smears as usually prepared 
After much woik with this method it was finally abandoned m favor of 
the dry smear method as practiced for blood smears with Wright’s 
stain It was impossible to overcome the difficulty of making satisfac- 
tory diy smears of marrow and lymph nodes, but by making them in 
large numbers and selecting only the best slides abundant good material 
was obtained 

The results of the work on normal human and mammalian organs 
can be summarized briefly 

(1) Myeloblasts exist m the normal marrow of human and mam- 
malian adults They occur in small numbers, because blood regeneration 
is largely homoplastic They aie fai more numerous in the young and 
new-born in whom heteroplastic regeneration is more pronounced 
They do not occur in lymph nodes and spleen nor in the normal 
blood The peculiar myeloid type of azure granulation described 
by Pappenheim and others and frequently noted in the myeloblasts of 
the leukemic blood was found in the myeloblasts of human marrow, but 
not in those of labbits 

(2) Myeloblasts occur in the blood and lymph nodes in small num- 
bers in newly born rabbits The human new-born has not yet been 
investigated with reference to this particular question 

(3) We have seveial cases of acute lymphatic leukemia with 
myeloblasts in the blood and tissues In these cases all intermediate 
stages lead from the myeloblast to fully matured lymphocytes, so there 
can be no doubt that there are relations between them 

(4) We also have two cases of mixed leukemia m which both 
lymphocytes and myeloid cells are derived from the myeloblasts of the 
blood Organ changes which have already been described correspond 
to the blood findings 

CONCLUSIONS 

These obseivations justify the following conclusions 

(1) Incomplete morphologic dualism exists in the noimal mam- 
malian and human adult The myeloblast is a real stem cell of the 
myeloid cells of the marrow Lymphocytes of lymph nodes and spleen 
are regenerated by mitosis of then own kind and by derivation from 
the reticulum without the intervention of the myeloblast The lympho- 
cyte has not lost its capacity for further differentiation, as is e-videnced 
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by the fact that normally some of those located m the intestinal mucosa, 
thymus and hemolymph nodes may differentiate into granular leukocytes 
The differentiation of tissue mast cells and plasma cells from lympho- 
cytes IS also a well-known process 

(2) Under pathologic and experimental conditions which cause 
myeloid metaplasia the derivation of myeloid cells from lymphocytes 
without the intervention of the myeoblast may be an extensive process 

(3) In the myelogenous and acute lymphatic leukemias the myelo- 
blast may serve as the stem cell of both lymphocytes and myeloid cells, 
and this may take place in the same person in cases of mixed leukemia 
For the myeloid series this can be accounted for by the differentiation 
of cell types which normally exist in the marrow, but foi the lympho- 
cytes the relation with the m37eloblast must be explained by factors 
which do not exist in the normal person Dedifferentiation of the 
lymphocytes to the myeloblast, which is the equivalent of the primitive 
blood cell of the embryo, at least so fai as one can judge from 
sections, may be one factor Excessive liberation of free cells from 
the reticulum with retardation oi complete failure of differentiation 
may be another factoi Evidence for this was obtained from Dr 
Fmeman’s case of lymphatic leukemia, in which many of the 
myeloblasts of the node could be traced to the fixed tissue Undei 
normal conditions the nuclei of such cells change rapidly, even before 
the cells have become free, but m this case they remained practically 
identical with those of the fixed cells of the reticulum Such nuclei are 
of the myeloblastic type These myeloblasts show all transitions to 
lymphocytes, as was proved by Fineman,®® and tiue lymphocytes 
undoubtedly result from their differentiation This may also be tiue of 
the few lymphocytes which occur normally in the bone mairow, although 
no one has succeeded in working this out foi the normal mariow 

The position of the myeloblast may now be defined with some 
accuracy It probably corresponds to the primitive blood cell of the 
embiyo and is retained in the normal adult only in the marrow, wheie 
It IS primarily related to the cells of the myeloid series In newly born 
rabbits it also occurs in limited numbers in the blood and lymphatic 
tissues In the leukemias it may i evert to its piimitive relations with 
the fixed tissue on the one hand and the lymphocytes and myeloid cells 
on the other 

The lymphocyte is to be regarded as a specialized oi partly dif- 
ferentiated cell endowed with myeloid potentialities which usually do 
not develop, but which may do so when the propei stimulus is applied, 
in other words, their function and structure is not a fixed entity as is 
the case with the mature myeloid cells 

It IS interesting to note that Naegeli,^ who is the chief defender of 
the duahstic view, is at heart a Unitarian The following statement 
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occuis in the third edition of his handbook “When myeloid cells 
occur in lymphatic tissue the}’- are always of peiivasculai origin fiom 
indifferent mesenchyme cells The same is true of lymphocytes when 
they occur m myeloid tissue The blood vessels are surrounded by 
indifferent mesenchyme cells which m the adult may differentiate in 
either direction ” 



THE VALUE OF CAFFEIN AS AN ANTIDOTE 

FOR MORPHIN 


CHARLES C HASKELL, MD, J E RUCKER, BS 

AND 

W S SNYDER, JR, BA 

RICHMOND, VA 

A Study of the combined action of two drugs is of both theoretical 
and practical interest Fiom the practical standpoint, the result of such 
a study may shed light on the value of either drug in the abnormal states 
encountered in disease, with moie certainty, it may give information 
legarding the efficacy of one drug as a physiologic antidote for the other 
The comparative fiequency of morphin poisoning, the frequent subcu- 
taneous administration of the poison and the fact that considerable time 
may elapse before the patient comes undei treatment, all combine to 
render it desirable that we possess a satisfactory physiologic antidote 
against morphin Foi this purpose, several drugs have been proposed , 
of these, caffein alone seems to have met with almost universal approba- 
bation The present investigation was undertaken to ascertain whether 
this favorable view could be supported by experimental evidence 

EXPERIMENTS WITH MORPHIN AND CAFFEIN PERFORMED ON CATS 

The first experiments were carried out on cats Using a method 
essentially the same as that described by Hatcher and Biody’- for the 
assay of digitalis, the attempt was made to asceitain the fatal dose of 
morphin sulphate for these animals by slow intravenous injection The 
cats weie lightly etherized for operation, and a cannula, connected with 
a buiet containing a solution of morphin sulphate, 1 per cent m physio- 
logic sodium chlorid solution, was inserted into the femoral vein The 
morphin sulphate solution was injected at the rate ot 1 c c per kilogram 
of body weight every two minutes until the death of the cat appeared 
imminent, when the rate of injection was materially reduced Somewhat 
to our surprise, it was found, by the use of nine cats, that the lethal dose 
of morphin administered in this way did not vaiy widely, the average 
being 390 mg of morphin sulphate per kilogiam of body weight, the 
extremes, 310 and 440 mg per kilogram 

Salant and Rieger ^ state that the average minimum lethal dose of 
caffein administered oially to cats is 150 mg per kilogram of body 

From the Laboratory of Pharmacology, Medical College of Virginia 

1 Hatcher, R A , and Brody, J G The Biological Standardization of 
Drugs, Am J Pharmacy 82 360 (Aug) 1910 

2 Salant, W , and Rieger, J B The Toxicity of Caffein, Bull 148, Bureau 
of Chemistry, U S Dept of Agriculture 
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weight Pilcher ® has observed death to follow a dose of 60 mg pei 
kilogram, but evidently he regaids this as exceptional, placing the aver- 
age minimum lethal dose at about 120 mg per kilogram Although it is 
possible that season or locality may influence the resistance of cats to 
caffein intoxication, the assumption that 80 mg of caffem per kilogram, 
administered oralty in the form of a 1 per cent solution of the base, 
would prove fatal only m exceptional cases seemed justifiable Conse- 
quently, this dose was given to each of a senes of six cats, and in from 
fifteen to thirty minutes, the animals were etherized and gnen the moi- 
phin injections as m the preceding series m which moiphin alone was 
used The aveiage amount of moiphin sulphate required to cause the 
death of these “caffeinized” cats was less than that necessary for the 
untieated animals, being 303 for the former and, as previously stated, 


Table 1 — Lethal Dose of Moiphin Alone ot with Caffem Gwen Cats 

by Inti avenons Injection 


Weight of Oat 

Dose of CTffem 

Dose of Morphin 


in Kg 

in Mg per Kg 

in Mg per Kg 

Average 

20 

0 

310 i 



29 

0 

310 



28 

0 

390 



S4 

0 

390 



23 

0 

410 


390 

23 

0 

410 



3 4 

0 

420 



21 

0 

430 



26 

0 

440 



3 5 

SO 

230 1 



29 

SO 

290 1 



2 5 

SO 

310 


303 

38 

SO 

310 



31 

so 

320 1 



24 

so 

3C0 




390 mg per kilogram foi the latter So far as one may diaw conclusions 
from so limited a number of experiments, a large, but not necessarily 
fatal, dose of caffem loweis the lesistance of cats to the toxic action of 
morphin The condensed protocols of these experiments are given in 
Table 1 

An effort was made to deteimine the aveiage minimum lethal dose 
of morphin sulphate injected subcutaneously into cats Sollmann, 
quoting Mueller,^ states that the fatal dose of moiphin for cats vanes 
fiom 40 to 80 mg per kilogram In our experiments, four of the seven 
cats that leceived 20 mg of morphin sulphate per kilogram alone suc- 
cumbed , while the animals that were given doses of 25, 30, 35, and 40 
mg per kilogram survived 

3 Pilcher, J D Alcohol and Caffein A Study of Antagonism and 
Synergism, J Pharmacol & Exper Therap 3 267 (Jan) 1911-1912 

4 Sollmann, T A Laboratory Guide m Pharmacolog}^, Philadelphia, W B 
Saunders Company, 1917 
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On the other hand, of the nine cats that were given 20 mg of mor- 
phin and from 15 to 20 mg of caffem, seven died, and two cats died 
that received 30 and 35 mg per kilogram of morphin sulphate, respec- 
tively, in conjunction with 20 mg of caffem per kilogram The results 
aie summarized in Table 2 

Table 2 shows that the mortality following a dose of 20 mg of moi- 
phin sulphate per kilogram alone is a little more than 57 per cent , 
but when the animal receives 15 or 20 mg of caffem per kilogiam, 
the mortality is increased to a little more than 77 per cent Moreover, 
the cats that were given 25, 30, 35 and 40 mg of morphm alone sur- 
Mved, while doses of 30 and 35 mg of morphm per kilogram pioved 
fatal when combined with a dose of 20 mg of caffem per kilogram 


Table 2 — Lethal Dose of Motphin Alone or zuith Caffem Given by 
Subcutaneous Injection into Cats 


Weight of Oat 

Oaffein m 

Morphm m 


m Kg 

Mg perRg 

Mg per Kg 

Result 

1 71 

0 

20 

Survived 

2 10 

0 

20 

Sun ived 

2 07 

0 

20 

Survived 

2 21 

0 

20 

Died 

1 70 

0 

20 

Died 

2 04 

0 

20 

Died 

2 32 

0 

->0 

Died 

181 

0 

25 

Survived 

1 a 

c 

SO 

Survived 

1 90 

0 

35 

Sunived 

2 04 

0 

40 

Survived 

2 41 

20 

20 

Survn ed 

2 33 

15 

20 

Sun ived 

1 59 

20 

20 

Died 

1 70 

20 

20 

Died 

1 SI 

20 

20 

Died 

2 07 

20 

20 

Died 

2 90 

15 


Died 

1 99 

15 

20 

Died 

: 47 

15 

20 

Died 

2 27 

20 

SO 

Died 

2 50 

20 

35 

Died 

EXPERIMENTS 

\\ ITH MORPHIN 

AND CAFFEIN 

performed on 


GUINEA-PIGS 


It is a well-known fact that morphm causes excitement m the cat 
and that death often occurs duimg convulsions Caffem also has this 
effect on cats , so that it would seem quite possible that caffem might 
act deleteriousl)^ m morphm poisoning m cats, and, on the other hand, 
exert a favoiable influence where this apparent synergism is absent 
For this reason, guinea-pigs were selected for the next experiments 
Sollmann states that the average lethal dose of moiphin sulphate 
foi guinea-pigs is about 700 rag per kilogram when the drug is injected 
subcutaneously According to our experience, however, the dose is 
appieciably less than this during the winter and early spring, the time 
when our expeiiments weie carried out Injected m the form of a 
1 pel cent solution m saline, the minimum fatal dose at this time was 
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found to be about 500 mg pei kilogram Two pigs succumbed after a 
dose of 400 mg per kilogram, but this appears to be exceptional 

Salant and Rieger^ found that the aveiage minimum lethal dose of 
caffein by subcutaneous injection into guinea-pigs was from 200 to 240 
mg pel kilogram of body weight, while doses of 100 to 120 mg per 
kilogram caused “no manifestation of nervous oi muscular disturbance 
nor any depaiture from the normal in respiratory activity” To elimi- 
nate the possibility of a variation according to season or diet (our expei- 
iments weie carried out in November), a few guinea-pigs were gi^ven 


Table 3 — Lethal Dose of Motphtn and of Caffein Alone and m Combination 
Given in Subeuiancoits Injection into Guinea-Pigs 


Weight of Pig 

Moiphin in 

CilTeiu m 

Result 

in Kg 

Mg pel Kg 

Mg pel Kg 

0 45.5 

350 

0 

Survived 

0 240 

400 

0 

Survived 

0 320 

400 

0 

Died 

0 soo 

400 

0 

Died 

0 416 

400 

0 

Survived 

0 5T0 

400 

0 

Survued 

0 405 

400 

0 

Survii ed 

0 546 

400 

0 

Survived 

0 460 

450 

0 

Survived 

0 770 

450 

0 

Survived 

0 505 

450 

0 

Survived 

0 400 

450 

0 

Survived 

OOfio 

450 

0 

Survived 

0600 

500 

0 

Survived 

0 610 

500 

0 

Died 

0 235 

500 

0 

Died 

0 340 

500 

0 

Died 

0 555 

500 

0 

Died 

0 555 

500 

0 

Died 

0 405 

550 

0 

Died 

0 300 

550 

0 

Died 

0 420 

0 

100 

Survived 

0 3G0 

0 

100 

Survived 

0 500 

0 

270 

Sunuved 

0 475 

0 

300 

Sun 11 ed 

0 435 

0 

330 

Died 

0265 

500 

100 

Died 

0 500 

500 

ICO 

Died 

0 475 

400 

100 

Died 

0 250 

400 

100 

Died 

0500 

330 

100 

Died 

0 520 

330 

lOO 

Died 

0 451 

250 

100 

Sun ived 


caftein subcutaneously in the form of a 1 per cent solution in saline 
In agreement with the observations of Salant and Riegei, it was found 
that a dose of 100 mg per kilogram produced no detectable change in the 
pigs , and It was necessary to admimstei more than 300 mg per kilogram 
befoie death of the animal ensued It seems fair to assume, therefore, 
that 100 mg of caffein per kilogram injected subcutaneously into guinea- 
pigs IS by Itself nontoxic In a third series of pigs, however, it was 
found that the injection of this amount of caffein apjiieciably lowered 
the resistance of the animals to morphin intoxication, the average lethal 
dose of morphin sulphate for the pigs leceiviiig 100 mg of caffein per 
kilogram being reduced from 500 to 330 mg or less per kilogram These 
results are given m Table 3 
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EXPERIMENTS WITH MORPHIN AND CAFPEIN PERFORMED ON 

WHITE MICE 

In the next experiments, white mice weie utilized According to 
Hunt ® the average minimum fatal dose of morphin sulphate for white 
mice IS 600 mg per kilogram, but the resistance of the animals is 
influenced much by adventitious factors Duiing November, we found 


Table 4 — Lethal Dose of Moiphin and of Caffein Alone and m 
Combination Gwen in Intiapcntoncal Injection into White Mice 


Weiglit of Mouse 

Morphin in 

Cnflcin in 


in Kg 

Mg per Kg 

Mg per Kg 

Result 

17 3 

300 

0 

Survn Cfl 

l-)5 

300 

0 

Survii ed 

24 0 

300 

0 

Died 

20 0 

350 

0 

Sur\’’i\ ed 

16 5 

350 

0 

Survued 

19 0 

350 

0 

Died 

17 0 

350 

0 

Died 

20 0 

350 

0 

Died 

17 5 

400 

0 

Survived 

20 0 

400 

0 

Sun IV cd 

18 0 

400 

0 

Died 

14 5 

450 

0 

Died 

19 5 

450 

0 

Died 

10 0 

500 

0 

Died 

250 

500 

0 

Died 

22 5 

530 

0 

Died 

24 0 

530 

0 

Died 

25 2 

0 

ICO 

Sun IV cd 

19 8 

0 

100 

Sun IV cd 

22 5 

0 

160 

Sun IV cd 

21 1 

0 

ISO 

Sun IV cd 

17 7 

0 

ISO 

Survived 

23 0 

0 

ISO 

Survived 

18 5 

0 

180 

Sun IV ed 

18 0 

0 

ISO 

Died 

2o4 

0 

200 

Surv IV ed 

23 0 

•l 

200 

Sun iv ed 

12 5 

(1 

200 

Sun IV ed 

30 3 

0 

200 

Died 

20 0 

0 

200 

Died 

16 5 

(1 

200 

Died 

15 0 

u 

220 

Died 

16 

(» 

220 

Died 

21 0 

0 

25v1 

Died 

16 5 

0 

250 

Died 

24 0 

300 

130 

Surviv ed 

17 6 

100 

150 

Sun IV cd 

25 3 

SCO 

150 

Died 

22 0 

330 

120 

Died 

15 5 

330 

120 

Died 

23 0 

130 

1-0 

Died 

24 0 

330 

no 

Died 

18 0 

330 

no 

Died 


that the minimum lethal dose for the animals kept on an oat diet was 
m the neighborhood of 350 mg per kilogiam, no mouse surviving a 
dose of 450 mg of morphin sulphate pei kilogram As in the expeii- 
ments on guinea-pigs, a 1 per cent solution of morphin sulphate in saline 
was employed, but with the mice, the injections weie made intia- 
peritoneally 


5 Hunt, Reid The Effects of a Restricted Diet and Various Diets Upon 
the Resistance of Animals to Certain Poisons, Bull 69, Hvg Lab , U S P H S 
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Hale” puts the minimum lethal dose of “caftem citiate” at 700 m^ 
per kilogram in white mice, when the method of administration is 
subcutaneous Using a 1 per cent solution of the free base in saline 
and making the injections intrapentoneally, we placed the minimum 
fatal dose at about 200 mg per kilogram Hale’s dose is equivalent to 
about 350 mg per kilogram, the diffeience between this amount and 
that found necessary by us is probably referable to the different method 
of administiation 

When fiom 55 to 75 per cent of the estimated minimum lethal dose 
of caffem is injected into white mice, there appears to be a definite 
1 eduction m the resistance of these animals to moiphin poisoning As 
pieviously mentioned, the average minimum lethal dose of morphin 
sulphate alone for white mice when injected intrapentoneally is about 
350 mg per kilogram , but when cafifein is used m the amounts men- 
tioned, the lethal dose of moiphin seems to be between 300 and 330 mg 
per kilogram When morphin alone was used, two of the three mice 
leceivmg doses of 400 mg of morphin sulphate per kilogram suivived, 
in the caff ein-moi phin series, no mouse survived a dose of 330 mg 
These results on mice are given in Table 4 

COMMENT 

From these expeiiments, it appears that caffem, eithei in large 
amounts or in doses quite comparable to those sometimes emploj^ed 
clinically, instead of proving an effective antidote for morphin poisoning, 
actually exeits an unfavorable action This is in harmony with the 
results of Hale” and of Pilcher,” the foimei finding that caffem 
appeared to enhance the toxicity of acetamhd, and the latter that caffem 
lessened the chances of recovery from severe ethyl alcohol poisoning 
It was suggested in both these cases that the undesired sjmeigism was 
exerted on the heart, in fact. Hale secured tracings which suppoited 
this view for caffem and acetamhd A similar depressant action on the 
heart appears to be the explanation for the unfavorable results with 
caffem and morphin, the evidence m support of this will be presented 
elsewhere in a moie technical discussion of the problem 

That a deleterious action would result from the use of caffem in a 
human being suffering from morphin poisoning cannot be stated posi- 
tively Quantitatively, there is a vast difference in the action of morphin 
on man and on any of the animals used in this investigation It is 
possible that the lespiratory center of man is peculiarly sensitive to the 
action of morphin, so that death in human beings would result from 
doses of morphin which affect the circulation little or not at all , while, 

6 Hale, Worth The Influence of Certain Drugs upon the Toxicity of 
Acetanilide and Antipyrme, Bull 53, Hyg Lab , U S P H S 
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on the other hand, in the lower animals, the larger doses necessary to 
cause death involve the heart muscle also If this is the case, it is 
conceivable that caffem, by combating the lespiiatory depression which 
IS the chief or sole factor in clinical morphin poisoning, may be of value 
as a physiologic antidote It is generally assumed that moiphin is piac- 
tically free from a depressant action on the circulation when used 
clinically, so far as we are aware, no observations have been reported 
conceining the condition of the heart m clinical moiphin poisoning It 
would be of gieat interest to ascertain whether large doses of morphin 
depi ess the heart in human beings , such knowledge would enable us to 
draw moie satisfacotry conclusions legarding the role of caftein in the 
treatment of clinical poisoning b) morphin sulphate 



CLINICAL OBSERVATIONS ON THE DYNAMICS OF 
VENTRICULAR SYSTOLE 

II HYPERTENSION " 

H S FEIL, MD, and L N KATZ, MD 

CLEVHLVND 

The phases of ventiiculai systole have been fully studied in the 
experimental animal under various dynamic conditions Wiggersd in 
a recent critical lepoit, not only analyzed the effect of general aitenal 
constriction, but also studied the lesults of aortic compiession at differ- 
ent points The isometric peiiod under mci eased arteiial lesistance 
was, in most cases, unaltered, although occasionally it was shortened , 
and when the aorta was compiessed near the semilunar valves, the 
isometric period was lengthened The ejection phase was shortened by 
increasing the arteiial lesistance except uhen it was associated with 
consideiable systolic retention m the ventiicle Under the latter condi- 
tions, the ejection phase was lengthened On this basis of expeiimental 
data we might anticipate certain clinical findings in hypertension With 
an efficient heart, elevation of blood pressure should cause no change 
or slight lengthening of the isometric period and a shortening of the 
ejection phase In a failing heait, with its attendant venous congestion, 
lengthening of both phases should follow How' closely anticipated 
effects follow dynamic changes in man may be judged fiom oui 
observations 

Weitz ^ studied the duration of the caidiac phases in man undei 
various pathologic conditions He utilized the apex beat in measuring 
these periods — a method that is not free fiom error In the few hypei- 
teiision cases that he analyzed he noted an occasional lengthening of the 
isometric period, with the ejection phase shelter than the noimal at 
conesponding rates Meakins ^ noted that left ventricular prepondei- 
ance and high blood piessure were frequenth associated wnth a pro- 
longed S-T inteival Fenn,^ in a lecent studv found systole unchanged 
in many cases of hypei tension, but noted a distinct lengthening in others 
As he used only the Q-T inteival, his results hold onh foi total systole 
or, moie piecisely, foi electrical systole 

°^From the Medical Clinic of Western Reser\e University at City Hospital 

1 Wiggers, C J Am T Physiol 56 415, 1921 

2 Weitz, W Deutsch Arch f Urn Med 127 325, 1918 

3 Meakins, J C Prolonging of “S-T” Interval of Ventricular Complex 
as Shown by Electrocardiograph Arch Int Med 24 489 (Nov ) 1919 

4 Fenn, G K Studies m Vaiiation of Length oi Q-R-S-T Interval, Arch 
Int Med 29 441 (April) 1922 
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The method employed m our piesent observations was the same as 
that described in a previous paper Figure 1 is a typical example of 
the lecords fiom which the duration of systole and its component 
phases wei e obtained The upper curve inscribes the heart sounds, the 
middle cuive the subclavian arteiial pulse, and the electrocardiogram 
(Lead II) is below In all, twenty-four cases were studied Clinical 
observations and blood pressure readings were made at the tune of the 
graphic registration These data are tabulated in Table 1, arranged 
according to heart late (Column 3), which m this series ranged from 
46 to 127 beats pei minute with a corresponding cycle length (Column 



Fig 1 — Simultaneous record of heart sounds (upper curve), subclavian 
arterial pulse (middle curve), and electrocardiogram, Lead II (bottom curve), 
used in this series The duration of the component phases of cardiac systole 
were determined by the method described in a previous paper Time in fifths 
of a second 

4) vaiying ftoni 0 392 of a second m Case 1 to 1 572 of a second in 
Case 24 In Columns 5, 6, 7 and 8 are given respectively the durations 
of diastole, total systole, isometric contraction and systolic ejection The 
time 1 elation of these phases to the heart rate aie, with one or two 
exceptions, the same as in the normal series repoi ted by us elsewhere 

S Katz, L N, and Feil, H S Clinical Obseivations on the Dynamics of 
Ventricular Svstole I Auricular Fibrillation, Arch Int Med 32 672 (Nov ) 
1923 
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ISOMETRIC PERIOD 

An analysis of Table 1 shows that the isometiic period usually falls 
within the normal range, that is, from 0 03 to 0 07 of a second in mam 
instances, namelj, Cases 3, 4, 5, 6 (a), 6 (b), 6 (c), 6 (d), 8 (a), 9 
12, 14 (a), 14 (b), 16, 18 and 19, but in all these cases it is lu the 
upper limits of normal In other persons it is slightly longei (namely. 
Cases 1, 2, 7, 10, 11, 17 and 22), and in still others it is distinctly longei 
than normal (namel}. Cases 13, 15, 20, 21, 23 and 24) An example of 
a recoid in which the isometric peiiod varied from 0 07-0 09 of a second 
IS shown in Figure 1 

In Table 1, we have indicated in Columns 10, 11, 12, 13 and 14 oui 
clinical obsenations on the patient (age, s 3 Stolic and diastolic blood 
piessure, etc ) A furthei study of this pait of the table shoiis that 
this lengthening in h 3 ’^pei tension bears no definite relation to the age, 
the height of eithei the S 3 ^stolic or diastolic blood piessure, the condition 
of the aiteiies, the degree of failure or the cause of the hypertension 
Like the isometric phase in noimal peisons, it is independent of the 
heart late and the duration of the othei caidiac phases The inde- 
pendence of the isometiic period in legaid to these factois confiims 
the opinion expressed befoie' that its duiation depends primarily on 
the ph 3 rsiologic condition of the m 30 cardium and is theiefoie an index 
of the rate of conti action of the heait 

EJECTION PHASE 

When the duration of ejection in Table 1 is compared with the 
theoretical value obtained as we explained in a pieiious paper (compaie 
Columns 8 and 9) one notes that in most instances the ejection period 
IS less than normal, that is, the difference between Column 8 and Column 
9 IS greater than 0 05 of a second (namely Cases 3, 4. 5, 6 (a), 6 (b), 
6 (c), 6 (d), 7, 8 (b), 9 (b), 10, 14 (a) 14 (b), 17, 20, 21, 22 and 
24) This abbreiiation of ejection is illustrated in Figure 1, in which 
the difference betneen actual sj^stole and the calculated systole is 009 
of a second In several this difference falls within the normal range 
(namety. Cases 1, 2, 11 12, 13 15, 16. 19 and 23), and in Case 18 it 
IS distinctL longer than normal When the relatne shortening was 
anal 3 zed from the point of view of the other variables (that is, height 
of systolic and diastolic blood piessure, condition of the palpable 
arteries, etiolog 3 ’- of the Inpertension and age of the patient) it was 
found to be unrelated to an 3 ' of them, but it did bear a definite relation 
to the degree of cardiac failure, as shown m Table 2 For example, 
eight had a relative^ reduced ejection In fact, in Cases 9 and 14 (a) 
and (b) this occuired despite the lowering of the blood pressure to 
normal limits — the result of cardiac failure In eleven patients without 
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failure the duration of ejection was normal in seven instances, reduced 
in thiee and increased in one In four cases with slight failure, ejection 
was reduced in three and normal in one instance 


TOTAL SYSTOLE 

Like the ejection phase, total systole is abbreviated m cardiac failure 
This effect is anticipated when one considers that the duration of total 
systole IS largely determined by the length of ejection The relation of 
total systole to heart rate is shown in Figure 2, which is made up of 


Table 2 — The Relation of the Duiatwn of Total Systole to the 
Degiee of Caidiae Failure 


1 

Case 

Number 

2 

Heart 

Bate 

3 

Blood 

Pressure 

4 

Degree of 
Cardiac 

Failure 

5 

Duration of 
Total 
Systole) 

6 

Duration of 
Sjstohc 
Ejection) 


1 

127 

162/104 

None 

+ 

N 


•) 

117 

233/175 

None 

N 

N 


t 

101 

220/130 

None 

N 

— 

11 

99 

190/120 

None 

N 

N 

12 

99 

230/120 

None 

N 

N 

IS 

90 

210/140 

None 

+ 

N 

15 

87 

105/130 

None 

+ 

N 

17 

82 

170/100 

None 

N 


18 

SO 

190/110 

None 

+ 

+ 

19 

79 

105/120 

None 

N 

N 

20 

76 

190/110 

None 

N 

— 


3 

115 

158/128 

Slight 

_ 

— 

21 

73 

185/122 

Slight 

N 

— 

02 

69 

165/100 

Slight 

N 

— 

23 

68 

220/120 

Slight 

+ 

N 


4 

114 

210/120 

Considerable 

N 

_ 


5 

114 

198/160 

Moderate 






6(a) 

113 

190/140 

Considerable 

— 

— 


6(b) 

no 

190/140 

Considerable 

— 

— 


6(c) 

89 

190/140 

Considerable 

— 

— 


6(d) 

88 

100/120 

Considerable 

— 



18(a) 

101 

240/140 

Considerable 

— 

— 

?8 (b) 

90 

200/140 

Considerable 

N 

— 


9 

101 

112/ 86* 

Considerable 

— 

— 

10 

99 

250/105 

Considerable 

N 

— 

114 (a) 

90 

130/ 95* 

Moderate 

— 

— 

U4 (b) 

78 

130/ 95* 

Moderate 

— 

— 

10 

84 

210/140 

Considerable 

N 

N 

24 

46 

160/100 

Moderate 

N 

— 


* Higher pressure obtained during stay in hospital 

t + duration greater than normal, — , duration less than normal, N, normal duration 


all the total systoles (ordinates) plotted according to the respective cycle 
lengths (abscissae) The solid line is drawn to show the normal 
average — illustrating the theoretical relation between cycle length and 
total systole (S = 31 VC) It will be seen that with the shorter cj'^cles 
(above the late of 85) systole falls below the average normal, while 
with longer cycles (below the rate of 85) systole tends to be slightL 
longer than the average normal Cardiac failure is the onl)'^ factor 
which we have found to alter the duration of cardiac systole consistently 
In Table 2, the cases are tabulated according to the degiee of cardiac 
failure present One notes that of the eleven cases without failure. 








FEIL-KA rZ—FEi\ TRICULAR S Y STOLE 


ZZ7 



Fig 2 — Plotting of all systoles (total) Ordinates indicate duration of 
systole, abscissae, cycle length The solid line drawn to show the normal 
average illustrates the usual relation between cycle length and total systole 
The Katz modification of Lombard and Cope’s formula was used in plotting this 
line (S= V 031 C) 
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Fig 3 — The directional agreement of the two methods of measuring ventric- 
ular systole in nine patients The interrupted line shows the variations in 
systole as determined from the electrocardiogram in successne beats The 
solid line indicates the s\ stole estimated from simultaneous subclavian and heart 
sound records 
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four have a relatively inci eased duration of systole (Column 5), while 
the other seven have a normal length Of the four cases with slight 
failure, two aie of normal duration, one relatively decreased and one 
relatively increased Of the nine cases with failure, four have a noimal 
duration, four a relatively i educed duration, and one case has a reduc- 
tion on one occasion and is normal on another A failing heart seems 
to cause an abbreviation of both total systole and the ejection phase 

The relative shortening of the ejection phase in most of these cases 
occurs moie frequently than the reduction in total systole, owing to the 
piolongation of the isometric period In other words, the relative 
abbreviation of ejection in some cases occurs with a normal total s) stole 
because the isometric phase is piolonged 

THE VALUE OE Q-R-S-T INTERVAL AS A CRITERION OE VENTRICULAR 

SYSTOLE 

In nine cases, simultaneous electrocardiograms (Lead II) were 
made with the recoids of the subclavian pulse and the heart sounds 
Although s3'’Stole as determined by the electrocardiogram exceeded 
purely mechanical systole b}'^ fi om 0 02 to 0 08 of a second, the direc- 
tional changes in systole as inscribed by the two methods were usually 
the same This relationship is much closer than might be expected from 
animal experiments (Bartos and Burstem) ° 

COMMENT 

The duration of total systole was lengthened in one third of our 
patients with hypertension, without signs of cardiac failure, whereas in 
patients with cardiac failure, systole was abbreviated in 50 per cent 
The frequent association of shortening of systole in cases of hyperten- 
sion dominated by failure of the circulation becomes all the more 
significant when our previous obserA^ations are noted, namely, that the 
abbreviation of systole in auricular fibrillation Avas greatest AAdien cardiac 
failure Avas present These findings are directly opposed.to the results 
anticipated on the basis of animal experiments The cause of this 
apparent discrepancy in cases of cardiac failure is probably due to the 
fact that our data Avere obtained from patients having either hyper- 
trophied or incompetent hearts, ahd it is not surprising that such hearts 
react differently from hearts of normal animals, from which the experi- 
mental data were obtained 

CONCLUSIONS 

In the study of tAventy-four patients Avith hypertension Ave find 
dynamic changes in ventricular contraction as folloAvs 

1 (c) Patients 'ivithont stgns of cm diac failm c Total systole aa as 

found to be increased m duration in one third of our cases (by 002 

6 Bartos and Burstem To te Published 
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to 0 1 of a second) In the other t^^o thirds there A\as little or no 
lanation from the normal figure 

1 {b) Patients zcith signs of cardiac faihac Total s} stole ^^as 
shortened in one half of the cases (b}' 0 01 to 0 OS of a second) — in 
the others, it ^ aried little from tlie normal a\ erage 

2 The ahbreMation of s} stole m the cases \\ith failure, ^^e behe\e, 
ma} be due to an altered i espouse of the heart muscle to overloading 
On the other hand vhen it shows no signs of failure its d}namic reac- 
tion (lengthening of s^ stole) is shown to be due to the piolongation of 
the isometric period while the ejection phase either remains normal or 
IS somewhat abbieMated — results anticipated from experimental data 



SARCOMA AND CARCINOMA OF THE LIVER 
FOLLOWING CIRRHOSIS 

RICHARD H JAFFE, MD 

CHICAGO 

The important lole which chronic irritations play in the etiology of 
malign neoplasms has been proved by numerous clinical and experi- 
mental observations The facts are too well known to be reviewed, and 
I will confine myself m the present paper to the reports which deal with 
the primary malign tumors of the liver and their relations to chronic 
alterations apparently pi eceding their development in this organ 

It IS an interesting fact that in the liver, which possesses the greatest 
ability to regenerate, primary malignant tumors are rare These con- 
sist of epithelial tumors derived from the liver cells or epithelial cells 
of the bile ducts, and mesenchymatous tumors originating either in the 
stroma or in the endothelium of the blood capillaries The epithelial 
tumors are comparatively more frequent than the mesenchymatous ones 

CARCINOMA OF THE LIVER 

In the statistics of necropsy material, primary' carcinoma of the 
liver occurs in from 0 02 to 0 3 per cent of the necropsies (Goldzieher 
and Bokey,’- Wheeler, Winternitz Their percentage of all cancers 
varies from 1 5 to 3 

The frequent combination of primar}'^ carcinoma of the liver with 
cirrhosis has long been known , indeed it is mentioned in the works of 
Hanot and Sabounn ® Liver cell cancers, particularly, aie associated 
with cirrhosis (from 75 to 100 per cent ), while for biliary tumors the 
coincidence is about 50 per cent ( Yamagiwa The causal relation is, 
therefore, striking, and even since the time of Sabounn has been dis- 
cussed in almost every publication dealing with cancer of the liver 
Ewing,® Winternitz and many other observers are inclined to regard the 
cirrhosis as a factor predisposing to the formation of the carcinomas 

The objections raised against this assumption are twofold (a) The 
combinations may have been a mere coincidence (Kelsh and Keiner) 
(b) The cinhotic change assumed to precede carcinoma may, on the 

*From the Department of Pathology and Bacteriology, University of Illinois, 
College of Medicine, and the Uihlein Memorial Laboratory of the Grant 
Hospital, Chicago 

1 Goldzieher and Bokey Virchows Arch f path Anat 203 75, 1911 

2 Winternitz Johns Hopkins Hosp Rep 17 142, 1916 

3 Sabounn These, Pans, 1881 

4 Yamagiwa Virchows Arch f path Anat 206 437, 1911 

5 Ewing Neoplastic Diseases, Philadelphia, W B Saunders Company, 

1922 
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contrary, be a consequence (Markwald,® Wegelm ') The great number 
of observations that have been reported rule out the first contention, 
but it IS admittedly difficult to decide exactly what changes weie present 
in the liver before the cancer started Did the carcinoma cause the 
cirrhosis by direct injury to the liver tissue or by alteration of the 
circulation (Markwald,” Wegelm The histor}’- of the case will, 

undoubtedly, yield some information The determination of the pre- 
sumable age of both lesions is important, and the anatomic character of 
the cirrhotic changes will facilitate the decision Little cirrhosis and 
fully developed carcinoma speak against a predisposing influence of 
the former (for example, the case of F Helvestine®) Of great value 
are observations on beginning carcinoma in cirrhotic livers (Saltykow °) 
They may distinctly show how the regeneration of liver tissue due to 
the cirrhosis exceeds the limits of leparation and, escaping the regulatoiy 
influence of the organism, change to an excessive and, finally, carci- 
nomatous growth 

The frequency of cirrhosis in cases of primary carcinoma of the 
liver should not only be considered, but the frequency of carcinomatous 
degeneration in cirrhotic livers as well Less is known about the latter 
phase, in futuie statistics dealing with primary carcinoma of the liver 
more attention should be given it 

In a recent report, Blumenau reviewed the cause of death in 198 
cases of cirrhosis of the liver (0 5 per cent of all necropsies) He 
found that primary carcinoma of the liver had occurred in 3 5 per 
cent of them Based on this relatively small statistical material, it may 
be said that primary cancer of the liver is ten times more frequent in 
pel sons suffering with cirrhosis of the hvei than in those with other 
lesions 

Guyders and Straub recently leported that primary carcinoma of the 
liver occurs frequently among the Japanese and Chinese m cases of 
cinhosis Appel,^^ in six carcinomas in natives of Kamerun, found 
primary tumors located in the liver four times Cirrhosis was present 
in each of these cases, and the author discussed the importance of 
paiasitic infections of the liver in this connection Pine has also 
mentioned cirrhosis as a predisposing factor in the numerous primary 
cancers of the liver m the natives of South Africa Several authors 

6 Markwald Virchows Arch f path Anat 144 29, 1896 

7 Wegelm Virchows Arch f path Anat 179 91, 1905 

8 Helvestine J Cancer Res 3 275, 1918 

9 Saltykow Sarcoma and Carcinoma of Liver, Cor B1 f schweiz Acrzte 
44 385, 1914 

10 Blumenau Arch f Verdauungskrankh 27 1, 1920 

11 Appel Arch f Schiffs-und Tropenhj'giene 29 309, 1921 

12 Pine M J South Africa 17 87, 1921 
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(Bamberg,^® Loelilein,^^ Necke/° Modena^® Dippelt^') have found 
cancer of the livei associated with echinococcus 

In the majority of cases observed in this country and in Europe, 
the cinhosis associated with carcinoma represented the anatomic type 
of the atrophic or annular cirrhosis (so-called alcoholic cirrhosis) Some 
authors found the preceding cirrhosis to be syphilitic in origin 
(Yamagiwa 

In animals, pnmary tumors of the liver seem to be rare Carcinoma 
of the hvei has been observed m cows, almost invariably connected 
with severe parasitic biliary cirrhosis (Delafield and Prudden^®) 

In material fiom ten thousand mice of all ages Stye, Holmes and 
Wells found twenty-eight primary tumors of the liver All were 
liver cell adenomas, three showing malignant structure, none of which 
were associated with cirrhotic changes According to the authors, the 
mouse liver does not show cirrhosis A questionable adenocarcinoma 
of the livei in a mouse was reported by Shigemitsu Itami '® 

SARCOMA or THE LIVER 

Approximately forty-eight true primary sarcomas of the liver have 
been reported to date To the list given by Terplan should be added 
the cases of Hektoen,®- Rolleston and Trevor,®® Pledren,®^ Dubs,®® 
Morrow and McKinstry ®® and Goldstein ®^ 

Some of the tumors reported as primary sarcoma of the liver must 
be excluded because they were either not sarcoma or not primarj 
sarcoma of the liver The round cell tumors of the liver associated 
with similar tumors of the suprarenals and obseived only in eaily 
childhood are, according to recent investigations, not sarcoma but 
epithelial tumors derived from indifferent sympathetic neive cells 
(neuroblastoma) (Landau’s®® bibliography) Whether primary melano- 

13 Bamberg, quoted by Winternitz, Footnote 2 

14 Loehlein Verhandl d deutsch path Gesellsch 13 320, 1909 

15 Necke, quoted by Winternitz, Footnote 2 

16 Modena Pathologica 6 833, 1913 

17 Dippelt, quoted by Winternitz, Footnote 2 

18 Delafield and Prudden Text Book of Pathology, Ed 12, Ann Arbor, 
Mich, George Wahr 

19 Slye, Holmes and Wells J M Res 33 171, 1915 

20 Itami, Shigemitsu J Cancer Res 3 275, 1918 

21 Terplan Centralbl f path Anat 31 453, 1920 

22 Hektoon Trans Chicago Path Soc 2 137, 1896-1897 

23 Rolleston and Trevor J Path & Bactenol 15 247, 1911 

24 Hedren, quoted by Saltykow, Footnote 2 

25 Dubs Deutsch Ztschr f Chir 138 1, 1917 

26 Morrow and McKinstry Brit M J 2 378, 1919 

27 Goldstein Internat Clin 2 73, 1921 

28 Landau Frankfurter Ztschr f Path 2 26, 1912 
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sarcoma of the livei exists is at least doubtful The cases without 
complete iiecrops}^ cannot be accepted (F R Hagei and others) 

What aie the relations of the primary sai comas of the liver to 
cirrhosis^ Rolleston and Trevoi, describing an angiosaicoma in a cir- 
rhotic hvei, said “Piimary sarcoma of the liver is far fiom common, 
and when associated with cirrhosis, is distinctly rare ” They found 
SIX cases in the Iiteiatuie which represented sarcomas in cirrhotic 
livers Since then article appeared, seven more cases have been 
repoited (Loehlem,^^ Kothny,-'’" Haehfeld,®° Kahle,'*^ Hedien,-"^ Salty- 
kow Thus 29 per cent of the known cases of saicoma of the liver 
weie combined with cirihosis 

Several authois express the opinion that the ciiihosis may have 
played a piedisposing role in the formation of the sarcoma (Rolleston 
and Tievoi,-^ Kahle^^) 

Hedren’s spindle cell saicoma was located in a livei with sjphihtic 
ciirhosis The cases of Goldstein,-" Dubs and de Yecchi aie of 
inteiest m this connection Goldstein reported a spindle cell sarcoma in 
the hvei of a man 38 years of age, arising from the wall of a chionic 
abscess Dubs reported the case of a girl 26 years of age, who died 
SIX months aftei an injury to the liver He found a primary spindle 
cell saicoma of the liver, 30 by 30 by 25 cm in diametei, and he dis- 
cussed the possibility of a relationship between trauma and saicoma 
De Vecchi saw a similar tumor derived from the wall of an echino- 
coccus cyst 

The experimental woik of Bullock and Rohdenberg,^^ and Bullock 
and Cuitis^® pioved the possibility of producing sarcomas in the liver 
m rats by infection with the eggs of Taema aassi-colhs But con- 
nective tissue of rats seems to be much more apt to undergo saicomatous 
tiansfoimation than that of human beings 

The hemangio-endothehoma of the liver is derived from the 
endothelial cells of the capillaiy vessels of the vena portae I have 
previously mentioned that this tumor was sometimes found in cirihotic 
livers (Kahle, bibliography, E Schlesmger 

29 Hager, F R The Surgical Clinics of Chicago 3 121, 1919 

29a Kothny Frankfurter Ztschr f Path 10 20, 1912 

30 Hachfeld Inaugural Dissertation, Halle, 1914 

31 Kahle Virchows Arch f path Anat 226 44, 1919 

32 Saltykow Beginning Carcinoma of Liver, Verhandl d deutsch path 
Gesellsch 15 292, 1912 

33 De Vecchi Soc Med Chir di Bologna 6, June, 1908 

34 Bullock and Rohdenberg T M Res 28 477, 1913, Rohdenberg and 
Bullock J Cancer Res 1 81, 1916 

35 Bullock and Curtis Proc Ne\\ York Path Soc 20 149, 1920 

36 Schlesinger Inaugural Dissertation, Frankfurt, 1920 
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SARCOCARCINOMA OF THE LIVER AND SARCOMA AND CARCINOMA 

IN THE SAME LIVER 

There remain sarcocarcinoma of the liver and the separate formation 
of carcinoma and sarcoma in the same liver Reports of sarcocarcinoma 
were published by Lubarsch and Saltykow Both tumors were found 
m cirrhotic livers 

Of great interest are the rare observations of two different malignant 
tumors — of a sarcoma and of a carcinoma — m different parts of the 
same liver I am aware of but two cases so far reported 

The first case is that of Dominici and Merle A man, aged 56. 
died a short time after his admittance to the THotel-Dieu m Pans 
Alcoholism was mentioned in his history The liver showed a definite 
atrophic cirrhosis ^and was interlaced by tumor masses There were 
metastases in the lower lobe of the right lung, in the head of the pancreas 
and m the suprarenals Microscopic examination revealed old cirrho,tic 
changes m the liver There was adenomatous hyperplasia of the liver 
tissue, which passed over directly to carcinomatous areas In these 
places the liver cells had lost their structure entirely and appeared as 
small cells of embryologic character In a part of the liver with less 
cirrhosis a spindle cell sarcoma was detected The metastases were 
formed by sarcomatous tissue 

The authors conclude their observation with the remark “Ce cas 
anatomo-pathologique est un des examples les plus typiques que Ton 
puisse trouver d’association entre les processus de tumeur et des 
processus d’lnflammation chronique ” 

The other case was observed by Saltykow The patient was a man 
aged 62 Nothing is reported about the history At necropsy two 
tumors were found besides distinct atrophic cirrhosis The larger 
tumor, 20 by 16 by 9 cm in size, was a typical spindle cell sarcoma, 
the smaller tumor, 3 cm m diameter, was an early liver cell carcinoma 
To these two cases I wish to add a third 

REPORT OF A CASE 

Histoiy — A white man, aged 64, a traveling salesman, said he did not have a 
chancre He had had gonorrhea several tunes years ago He had been a hard 
drinker m former years The clinical diagnosis of cirrhosis of the liver was first 
made fifteen years ago About three months before admittance to the hospital the 
patient had had dull pains in the epigastrium and belching of gas He had 
no appetite, was usually constipated and the stools had an offensive odor 
When the patient was brought to the hospital, he seemed to be rather dull, 
and he was not responsive to questions He passed only a few drops of an almost 
black urine He died two days later 


37 Lubarsch Zur Lehre von den Geschwulsten, 1899 

38 Dominici and Merle Arch de med exper et d’anat path 21 136, 1909 
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Ncciopsy (Sixteen hours after death) — ^The bodj' was that of a fairly well 
nourished man, 175 cm long The skin and eyeballs were distinctly jellow 
The abdomen was distended 

The situs of the abdominal organs was normal The bladder was empty 
The lungs were voluminous , their edges appeared rounded The lung tissue 
in all parts was of normal air content and hyperemic 

The heart was of normal si7e, covered partly with fat tissue, and verj 
loose In its cavities were postmortem blood clots The mjocarduim was 
grayish brown and friable The endocardium over the papillary muscles was 
thickened The valves were unaltered Theie w'ere little calcified plaques in 
the ascending part of the aorta 

The liver was covered partly by the adherent omentum and firmly attached 
to the diaphragm Its form was very irregular The right lobe w^as almost 
entirely replaced by a spherical mass, 17 bj 12 by 14 cm in swe On the 



Fig 1 — Cross section through the liver, 1, sarcoma, 2, carcinoma 

surface not covered by the diaphragm larger and smaller nodes of white or 
reddish white color were prominent The left lobe was small, and its surface 
showed small, flat, grayish brown nodules w'lth lighter strips between them 
There was a single larger node softer and more j^ellowish in color 

Cross sections (Fig 1) through the liver show'ed that the right lobe con- 
sisted of a dense and faintly reddish stained tissue Wavy bands of reddish 
white alternated with more grayish ones This tissue continued into the muscles 
of the diaphragm as tortuous bands The center of the lobe w^as formed by an 
irregular cavity filled with a thick reddish gra}, cheesy material There was 
little liver tissue left around the dense masses 

The left lobe revealed, on the cut surface, a mosaic-like structure Round, 
grayish brown nodules w'cre separated by firm, grajish white bands The 
diameters of the soft vellow' nodule mentioned above were 2 bv 1 cm It was 
located just below' the capsule and was formed bv a homogeneous tissue 
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(Fig 2) Adjacent to it several smaller oval areas of a similar appearance 
could be observed The wall of the gallbladder was partly replaced by white 
or grayish white nodules which bulged into the cavity The mucosa was 
yellow and ulcerated over the nodules A yellowish grav mucus filled the 
cavity There were no calculi 

The vena portae and its branches seemed to he free, as did also the arteria 
hepatica and the vena hepatica There was no enlargement of the lymph glands 

The spleen was somewhat enlarged, its weight was about 200 gm Its 
capsule showed singular thickened areas The pulp was red and soft, but the 
structure was distinct 

The suprarenals were colliquated and changed to a brown and pulpy mass 

The kidneys were embedded m fat tissue Their surface showed small cjsts, 
in the left kidney there was a larger cyst, 3 cm in diameter The kidnejs were 
dark grayish red, and m the medulla, small glittering, whitish stripes were 
noted 

In the colon were claylike masses The blood vessels of the mucosa of the 
stomach were somewhat dilated 

MiC) oscopic Examvialion — Left Lobe of the Liver Round and oval islands 
of liver tissue varying in size from the fourth of a normal acinus to its twofold 
or threefold diameter were surrounded hj' connective tissue In these islands, 
the normal structure of the acini was gone The central vena was dis- 
torted and some acini had two or three central venae Tlie columns of the 
liver cells ran in \arious directions without distinct arrangement around a 
central blood vessel The majont}' of the liver cells themselves were more 
or less altered Many of them were smaller than nonnal , their nuclei w'ere 
poorly stained or they were shrunken and dark The cytoplasm contained yellow- 
brown granules of iron-free pigment Manv cells showed smaller or larger 
fat droplets , some cells were filled W’lth fat w'hich stained j ellownsh red wuth 
Sudan III and pink with Nile-blue suipha.te At the peripherv of the acini, where 
proliferating connective tissue invaded the acini, single liver cells became isolated 
and show'ed extreme fatty degeneration The fat gave double refraction and 
stained violet with Nile-blue sulphate 

Between the degenerated and atrophic liver cells, larger and w'ell preserved 
cells were intercalated Their protoplasm wms homogeneous, and their nuclei 
had a distinct chromatin network wnth a round nucleolus Cells wuth two 
nuclei weie frequent Sometimes the nuclei w’ere large and irregular Their 
edges were notched and their chromatin formed clumpy, dark masses 

In some places within the areas of the liver cells, an increased amount of 
connective tissue was present Using Mallorv’s stain and silv'er impregnation, 
It was found that these fibers were derived from the thickened and clotted 
reticular fibrils 

The septums separating the areas of liver tissue w'ere from 0 5 to 2 cm in 
thickness They were formed by dense fibrous tissue with a few small and dark 
nuclei A larger number of cells occurred in those parts of the fibrous tissue 
in which the bile ducts proliferated Sometimes tbe proliferation of the bile 
ducts was so pionounced that adenoma-like formations resulted There were 
areas, 15 mm in diameter, consisting almost entirelv of laiger and smaller 
bile ducts A circumscrilied increase of cells was also formed b} accumula- 
tions of lound cells They were located at the periphery of the septums and 
often infiltrated the adjacent liver tissue Here the liver cells, as described 
above, underwent intensive fatty degeneration, and itinerant cells witb fat 
granules joined the lymphocytes of the infiltrates 

The subcapsulai soft node of the left lobe was formed by a tissue very 
irregulai in anangement and of cells that resembled liver tissue (Fig 2) 
There were rows of cells lining capillary vessels with a distinct endothelium 
The cells were small, cuboid, packed closely together, with very dark and 
wrinkled nuclei In the same rows there were large polyhedral cells The 
nuclei of these cells weie parth round and showed a chromatin structure bke 
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that in the nuclei of normal livci cells Otlen the nuclei ^\cle cxtremch 
enlarged and deeplj stained Vacuoles distended them so that pcculiai forms 
resulted 

There were parts wholly formed bj the latter tjpe of cells Ihe cells con- 
tained dioplcts of jellowish hrown, iron-free pigment It was located either 
m single, small vacuoles or it filled the whole bodj of the cell Some cells 
showed a diffuse brownish color The pigment continued as small stripes 
connecting the masses w ithm the cells w’lth homogeneous, pigmented material 
betw'een them 



This pigment differed from the normal bile pigment in its consistencj, being 
apparently more fluid, and m color paler and more jellownsh Stained w'lth 
I^Ialloy’s phosphoric-moljbdic hematoxjlin, the normal bile appeared dark green 
or brown-green, while the pigment of the irregular parts took up only a pale 
^ellow'lsh green the atypical liver cells appeared to have produced an atjpical 
secretion 

Mitotic figures were rare The proliferation of the cells seemed to be the 
lesult of amitotic division as indicated In the ^arlous stages of constriction 
of the nuclei 
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Silvei impregnation (Bielschowsky-Marescli) revealed a loose and irregular 
reticulum between the cells 

The center of the nodes was necrotic and contained no nuclei Droplets of 
neutral fat and coarse granules of dark yellow pigment filled the necrotic cells, 
disintegration often occurred so that the fat and pigment became free Besides 
these masses the debris contained needles of fatty acids and double refracting 
fat The at 3 'pital liver tissue was not connected directly with the other parts 
less irregulai in their structure A small amount of fibrous tissue separated 
them from each other In the vicmitj’^ of the node smaller areas of atypical 



Fig 3 — Spindle cell sarcoma 


cells were found They were located within blood vessels as the well preserved 
wall of the vessels at their periphery still indicated Sometimes the lumen 
of a vessel was not closed up by the cell masses, the latter being separated from 
the endothelium of the wall by a layer of clotted blood 

The microscopic structure of the large tumor of the right lobe of the liver 
could be recognized at the periphery, the central parts being necrotic There the 
tumor was composed of large fusiform cells, from 70 to 100 microns in length 
(Fig 3), forming bundles which interlaced m various directions The majority 
of the nuclei were spindle shaped and dark, with a dense chromatin meshwork 
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Some nuclei vveie larger and more u regular Ihey were bent, kidney-hke or 
horseshoe-like, or they were segmented and tortuous Between the fusiform cells 
single cells were conspicuous because of their great size and their dark nuclei 

Mitotic figures of the nuclei were frequent, in every field of the higher 
power magnification two or three of them could be found Their forms were 
often atypical with asymmetric airangement of the chromosomes, three or four 
poles, etc 

Fattv Changes — A peculiar featuie of the tumor was the result of fatty 
changes All the cells contained fat dioplets, even those with mitoses Some 
cells had only a few small droplets m other cells the body was filled up with fat 
If the nucleus was just undei going mitotic division, the droplets were located 
at the periphery of the cells in a regular wreath In some, the fat was mixed 
with the chromosomes 



Fig 4 — Spindle cell sarcoma, Bielschowsky’s stain 

Ihc fat stained yellowish led or oiangc with Sudan III With Nile-blue 
sulphate, the laiger droplets took up a purple color and were often surrounded 
by dark blue rings or dark blue granules The droplets of medium size weie 
violet and the small fat granules were dark blue Fischler's microreaction for 
fatty acids was positive m some of the larger droplets The membranes and 
granules around the larger droplets stained blue with Nile-blue sulphate and 
gave a black impregnation with Lorrain-Smith chromehematoxylin Only the 
small droplets showed doublfi refraction In the necrotic parts all fat was 
stained pink with Nile-blue sulphate The Lorrain-Smith impregnation was 
negative There was no double refraction 

According to these findings, it can be said that the larger droplets are 
formed by neutral fat which often contains free fatty acids The droplets arc 
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sill rounded by membranes of a complicated lipoid mixture In the small 
droplets, cholesterol esters arc piesent In the necrosis, all fat is neutral fat 
Connective I iisuc — In the sections stained with hematoxylin and eosm or 
with van Gieson’s picric acid, acid-fuchsm solution, little collagenous tissue 
could be seen between the fusiform cells Using Mallory’s stain for connective 
tissue or Biclschowsky’s and Maresch’s silver impregnation, the large amount 
of fibcis which sui rounded and separated the cells was astonishing (Fig 4) 

A basket-like network was formed above the cells by brushlike branches 
given off fiom the side of thicker longitudinal fibers Toward the central parts 
whcie the tumor cells became necrotic the network of fibers was intact, it 
seemed even to be denser because the fibers were more closely packed together 
Only near the central cavitj^ did the fibers break up into granules and irregular 
segments 

The relation of the tumor to the connective tissue of the cirrhotic part The 
tumor was directly connected with the cirrhotic connective tissue The transition 
zone between them was rather sharp, onlv at a few points did the large spindle 
cells invade more deeph the tissue of the septums Where the tumor bordered 
on liver tissue, liver cells became isolated by the tumor just as they were by 
the fibrous tissue of the cirrhosis The liver cells located within the tumor 
were greatly altered, showing fatty degeneration, atrophj' and necrosis Ihc 
framework of the old acini could still be recognized in the midst of the tumor 
The nodes in the wall of the gallbladder showed the same structure as the 
tumor m the right lobe of the liver They contained large spindle cells arranged 
in bundles, with dark nuclei, often atypical In some parts a considerable 
amount of connective tissue W'as elaborated bv these cells Inside the gallbladder 
the tumor w'as necrotic and stained b}' bile pigment On the outside, the muscle 
fibers were still present, although disintegrated and compressed bj the invading 
tumor cells 

Kidney Few' glomeruli w'crc obliterated m the kidney In the epithelial cells 
of the convoluted and straight tubules, droplets of neutral fat w’ere found The 
cyst W'as lined w'lth flat epithelium and filled w'lth homogeneous masses There 
W'as little sclerosis in the larger arteries 

The glittering stripes in the medulla ivere formed by thickened and hyaline 
interstitial tissue They contained groups of fat droplets On microchemical 
examination it was found that the fat consisted of neutral fat, fatty acids and 
lime soaps 

Spleen The malpighian bodies w'erc small In the pulp the reticulum w'as 
distmctl}' thickened The sinuses w'crc filled w'lth blood There w'ere few' 
h'lnphoid cells and plasma cells besides the er 3 'throc}'tes 

Microscopic examination of the other organs revealed no impoitant changes 

COMMENT AND SUMMARY 

In the piesent case the clinical diagnosis of cinhosis of the liver 
W'as made fifteen yeais ago In accordance w'lth this, the anatomic 
examination revealed an extensive tiansfoimation of the liver That 
the cirrhosis w'as still progressing w'as indicated by the recent changes 
on the peiipheiy of the acini 

The tumor in the right lobe of the hvei w'as a typical spindle cell 
sarcoma It originated in the fibrous septums betw'een the tiansfonned 
acini It seems that the slow'ly piogressing new' formation of connective 
tissue had suddenly taken on an extremely rapid and destructive pro- 
liferation, the cells show'ing a tendency of growing aiound the liver 
acini and imitating the peiiacinaie giowth of the cirrhotic connective 
tissue from which they w'ere derived 



JAFFE—MALIGj\ tumors of liver 


341 


The spindle cells of the tumor were connected by a well developed 
meshwork of leticular fibers, formed, no doubt, by the tumor cells them- 
selves Haiuso Kuru considers such a leticulai network typical of the 
spindle cell sai comas 

It IS, of course, not possible to deteimine exactly the date when 
the sarcoma staited But the lapid progress of the disease dm mg the 
last month of life and the gieat number of mitotic figuies indicate that 
the tumoi grew fast 

Pi unary sarcomas of the liver are not apt to produce metastases 
In this case, metastases occuiied only in the gallbladdei There is no 
doubt that the tumors of the gallbladder were secondaiy to the tumoi 
in the light lobe of the livei In a previous papei,^“ I have described 
the difterences between piimaiy and metastatic saicoma of the 
gallbladder 

In the livei cells marked degeneration was obseived which appar- 
ently had developed shortly before death There were areas of liver 
cells which were fiee fiom degenerative changes, these weie the zones 
of legeneration In one area m the left lobe, the new formation of 
liver tissue had exceeded the limits of regeneiation Here the cells 
showed all the signs of a destructive and malignant proliferation At 
the peripheiy the cells were small with relatively large and veiy dark 
nuclei (embryologic, Dommici and Merle ) Toward the center the 
cells became large and atypical, although they still resembled liver cells 
The} were ai ranged along capillary blood vessels and manifested an 
attempt at bile formation The} had invaded hepatic veins and spread 
out within their lumen Because of these findings the tumoi in the left 
lobe of the h\er is called a liver-cell carcinoma (hepatoma) 

It IS a question whether the single atypical cells found m othei 
parts of the liver in close connection with regenerative changes may be 
regarded as further centers of beginning caicinomatous growth That 
would indicate a multiple origin of carcinoma These cells weie 
certainly not metastatic tumoi cells, foi they were located within the 
columns of the livei cells and not between them m the capillaries 

We know that atypical cells are not raie m legenerative tissue 
giowth, and one is not justified in making a diagnosis of beginning 
carcinoma from a single cell I suppose that the iiregulai cells in 
certain areas lesulted from the eftoits of an extensive regeneration 
While the boundless destructive piohferation of the cells appealed in 
vaiious paits, only m one place did it lead to the foimation of a tine 
cai cinoma 


39 Kuru Verhandl d dcutsch path Gesellsch 13 386, 1909 

40 Taffe Ccntralbl f path Anat 29 571, 1918 
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From the clinical histoiy and the result of the microscopic exami- 
nation, we believe that m the present case the cirrhosis preceded the 
carcinoma as well as the sarcoma Both tumors had developed from 
tissue which can be identified as of cirrhotic ongm 

The connective tissue between the tiansformed liver acini was old 
scar tissue That sarcoma may arise from scai tissue is well known 
(Simon and it is interesting that the majority of these sarcomas are 
of the spindle cell type The cinhosis may be regarded as having 
favoied the formation of the sarcoma 

I have stated that the carcinoma started m regenerated liver tissue 
The regeneration was due to the cinhotic destiuction of the liver, but it 
was, no doubt, greatly stimulated by the saicoma which had destroyed 
almost the whole right lobe Some causal i elations, therefore, may have 
existed between the two malignant tumors 

41 Simon Ztschr f Krebsf 10 210, 1911 , Berl klin Wchnschr 3 1914 
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Some time ago, while making routine examinations of the eyegrounds 
in the medical wards, a finding of peculiar interest and of gieat impor- 
tance was noted A patient with typical advanced arteriosclerosis of the 
radial and bracliial arteries had absolutely normal letmal vessels It was 
assumed at the time that this was merely an accidental finding Latei, 
however, we obseived the same phenomenon in another patient 
Analyses of these two cases disclosed the fact that both patients had 
normal blood pressures Among the more lecent references to retinitis 
of circulatory disease are those of Schieck and Volhard,’- Benedict," 
Behan® and Cohen ^ For the most part, these aie descriptive of the 
lesions found in the retina, togethei with speculations on cause and 
effect We were cognizant, of course, from Allbutt’s wntings and our 
own experience, that marked peripheral arteriosclerosis could occur 
with normal blood pressure We were unaware, however, of any pub- 
lished observations on the retinal vessels in such cases Practically the 
only reference to the relation between blood pressure and large and 
small vessel sclerosis is an indirect one by Moore,*^ who found that m 
twenty-one patients suffering from mtrathoracic aneurysms, with an 
average systolic pressure of 141 mm “There was no evidence of any 
considerable disease of the retinal aiteries in any case ” The same 
author states that hypertension is the rule when retinal arterioscleiosis 
IS present It was felt that if our obsen^ations could be verified m a 
large series of cases, it would throw light on the i elation between 
arteriosclerosis and blood piessure Consequently, we examined as 

*From the Medical Clinic of the Peter Bent Brigham Hospital This 
article is No IV in a series of studies in metabolism from the Harvard 
Medical School and allied hospitals The expenses of this investigation have 
been defrayed in part by a grant from the Proctor Fund of the Harvard Medical 
School for the Study of Chronic Diseases 

1 Schieck, F, and Volhard, F Netzhautveranderungen und Nierenleiden, 
Zentralbl f d ges Ophth 5 465-470, 1921 

2 Benedict, W L Retinitis of Cardiovascular and Renal Diseases, 
Am J Ophth 4 495-499 (July) 1921 , Retinitis of Acute Nephritis , Report of 
Six Cases, M Qinics N America 5 275-288 (Sept ) 1921 

3 Behan, J L Fundus Changes in Nephritis, J A M A 78 1691-1694 
(June 3) 1922 

4 Cohen, M Significance of Pathologic Changes in Fundus in General 
Arterial and Kidney Diseases, J A M A 78 1694-1701 (June 3) 1922 

5 Moore Medical Ophthalmologj', Philadelphia, P Blakiston’s Son & 
Company, 1922 



344 


ARCHIVES OF INTERNAL MEDICINE 


many of these nonhypertensive penpheral sclerotic patients as we 
could find To date, these have numbered fifty In passing, it may 
be worth mentioning that many of these persons are old, and that 
cataracts or other opacities m the media are extremely common This 
naturally reduces markedly the number of available cases, because the 
retinas m such cases cannot always be seen \\ith sufficient claiitv to 
pass judgment on the vessels 

It seemed desirable to contrast with these nonhypertension cases a 
gioup of patients with peripheial sclerosis who showed hypertension 
and, if possible, another group of hypertensive patients who did not 
show peripheral arteriosclerosis We were not successful m obtaining 
cases of the latter type, because, while many showed no obvious sclerosis 
of the radials and biachials, most showed at least slight thickening 
and tortuosity of the temporals It was, therefore, decided to include 
all of these cases m the other group of hypertensive patients As a rule, 
the cases m Table 2, in which the patient’s penpheral vessels are noted 
as slightl) thickened or tortuous are those in which the obvious sclerosis 
IS confined to the temporal vessels There has always been a question 
m our minds about the importance of tortuous temporal arteries They 
seem to be common m apparently normal people In a study of this 
kind, however, it was deemed necessary to include them 

Our observations on the peripheral vessels were confined to tlie 
radials, brachials and temporals No doubt, additional information 
might have been obtained from examination of the arteries m the legs 
But for our purposes the examination of the three mentioned seemed 
sufficient 

In the examination of the retinal aiteiies, we confined ourselves 
largely to the two signs of ai teriosclerosis that are absolute and beyond 
criticism These signs are compression effects at arteriovenous crossings 
and irregularity of the lumen We included also with the latter the more 
advanced signs of sclerosis — beading and obliteration of the red columns 
through increasing opacity of the wall We felt that the other signs 
of sclerosis were too variable and too dependent on personal judgment 
of what was normal and what was pathologic 

The results of this study are embodied in Tables 1 and 2 Table 3 
is a summary of Tables 1 and 2 In the first table aie included fifty 
cases of peripheral arteriosclerosis with systolic blood pressures under 
145 The peripheral sclerosis varied from slight tortuosity or thickening 
to beading and calcification More than one half of these show at least 
“marked sclerosis ” In contrast, the retinal vessels show almost no 
scleiosis (This is brought out better in Tables 2 and 3 ) From the 
arrangement of the blood pressures according to an ascending value for 
the systolic, it can readily be seen that there is no relation between the 
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height of either the systolic or diastolic pressure and the degree of 
sclerosis No comparison, of course, can be made between the pressures 
and retinal vessel sclerosis in this group — there is so little sclerosis 
The average age in this group is 55 6 years, the extremes being 13 
and 82 years The average is probably lowered considerably by two 


Table 1 — Types of Sclerosis in Patients with Vaiious Diseases'^ 


Case 

No 

Age 

Diagnosis 

Blood 

Pressure 

Peripheral 

Vessels 

Retinal 

Vessels 

1 

61 

Peptic ulcer 

89 / 48 

++++ 

0 

2 

47 

Convalescence from pneumonia 

92 / 57 

++ 

0 

3 

28 

Diabetes 

92/64 

+4” 

4* 

4 

60 

Aortie msulflciency, chronic nephritis 

100 / 40 

+++++ 

’+■ 

5 

13 

Diabetes 

101 / 80 


0 

6 

65 

Chronic bronchitis, arthritis 

102 / 50 

++++ 

-p 

7 

46 

Diabetes 

102/71 


0 

8 

15 

Diabetes 

104 / 69 

++ 

0 

9 

50 

Chronic arthritis arteriosclerosis 

104 / 70 

++ 

0 

10 

32 

Subacute nephritis 

104 / 84 

++ 

0 

11 

68 

Paralysis agitans, cystitis 

108 / 54 

++ 

0 

12 

32 

? Chronic nephritis 

108 / 68 

■f + 

0 

13 

55 

Chronic nephritis 

108 / 72 


0 

14 

41 

Diabetes 

108 / 82 

+++ 

0 

15 

47 

Ppilepsy 

108 / 86 

++ 

0 

16 

60 

Diabetes 

110 / 70 

+++ 

-+- 

17 

65 

Cancer of intestine 

110 / 70 


0 

18 

35 

Diabetes 

110 / 71 

4* + 4- 

0 

19 

63 

Bronchial asthma, emphysema, myocarditis 

112 / 70 

4'4‘4" + + 

++ 

20 

77 

Chrome bronchitis 

115 / 60 

4“ 

0 

21 

82 

Arteriosclerosis 

120 / 60 

4- + 4"4' 

0 

22 

77 

Chronic myocarditis, auricular fibrillation 

120 / 62 

++ 

-t- 

23 

77 

Convalescence from pneumonia 

120 / 70 

h4-4"4- 

■4“ 

24 

31 

Acute bronchitis 

120 / 84 


•4“ 

25 

74 

Aortic insufflciency, chronic bronchitis 

122 / 50 

++++ 

+ 

26 

54 

Chronic nephritis 

122 / 68 


-h 

27 

73 

Chronic myocarditis, chronic nephritis 

122 / 71 



28 

55 

Leukemia 

122 / SO 


++ 

29 

85 

Acute arthritis 

122 / 74 

++ 

+ 

SO 

42 

Asthmatic bronchitis 

124 /108 

++ 

0 

31 

60 

Diabetes 

126 / 57 

4* + *^ + 4' 


32 

67 

Syphilis 

127 / 10 

+++ 

+++ only 

S3 

60 

Diabetes 

129 / 74 

++++ 

1 vessel 
+ + 

34 

60 

? Cerebral hemorrhage 

ISO / 80 


35 

69 

Arteriosclerosis 

130 ■/ 80 

+++++ 

+ 

36 

58 

Pezema of leg and ear 

ISO / 86 

+++ 

-L + 

37 

49 

Diabetes 

130 / 80 

+++ 

0 

38 

76 

Chronic myocarditis 

132 / 72 

+++ 


39 

38 

Ovarian cyst, anemia 

132 / 82 

++ 

0 

40 

44 

Cystitis and prostatitis 

134 / 90 

++ 

0 

41 

75 

Chronic myocarditis 

135 / 85 

++ 

4- 

42 

67 

Cancer 

136 / 66 

+++++ 


43 

58 

Pulmonary tuberculosis 

136 / 69 

+++++ 


44 

54 

Tuberculosis ? old hemiplegia 

138 / 40 

+++++ 


45 

67 

Chronic myocarditis 

138 / 90 

++++ 

0 

46 

63 

Chronic myocarditis 

138 / 94 

4-4- 

-1- 

47 

81 

Chronic interstitial nephritis 

140 / 60 

++ 

1 vessel 

4- 

48 

72 

Chronic myocarditis 

140 / 65 

++ 

4- 

49 

64 

Aortitis, aortic stenosis and regurgitation 

142 / 28 

++ 

0 

50 

59 

Auricular fibrillation, chronic myocarditis 

130 / 82 

+++++ 

4- 


* In the column headed “Peripheral Vessels,” + means slight sclerosis, ++, moderate 
sclerosis, + ++, marked sclerosis + + + +, calcified, end +++++ “beaded ” In the column 
headed “Retinal Vessels,” ± means questionable sclerosis, +, slight sclerosis, ++, moderate 
sclerosis, and +++, marked sclerosis 


very young patients — one 13 and the other 15 Our impression had 
been that the typical patient m this group was much older than the 
average patient with hypertension However, in Table 2, the average 
age was 53 6 years, only two years less than the average for the first 
group The extremes were 23 and 85 years 
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In the second table aie fifty cases of peripheral sclerosis with 
systolic piessures over 145 The degree of peripheral sclerosis in this 
group aveiages somewhat less, the bulk of the cases being designated 
“moderate” or less That these cases may show extensive sclerosis, 
however, is illustrated by the fact that eleven were classified as “marked” 
and five as “beaded” or “calcified ” The lack of relationship between 


Table 2 — ScJeiosts in Pci sons tvith a Systolic Piessnre over 145* 


Case 

No 

Age 

Diagnosis 

Blood 

Pressure 

Peripheral 

Vessels 

Retinal 

Vessels 

1 

39 

Chronic nephritis 

160 /103 

+++ 

-9 

2 

85 

Fractured hip 

164 / 80 

+ ++++ 


3 

26 

Vascular hypertension 

166/96 


-9-9 

4 

59 

Vascular hjpertcnsion 

170 /lOO 

+rt 

-9 -9 -9 -9 -9 

5 

63 

Vascular in portcnsion 

174 /112 

-r + +++ 

-9 -9 -9 -9 

6 

44 

Chrome nephritis 

178 /120 

++ 

-9-9T-9 

7 

63 

Chronic nephritis 

ISO /120 

+ + 

-9-9-9 

8 

54 

Chronic nephritis and myocarditis 

184 /114 

+ + 4' 

-9-9 

9 

60 

Aortic insufllcicncy, sjphilitic aortitis, mjocarditis 

166 / 78 

-f 

-^-9 

10 

51 

Diabetes mellitus 

188 / 92 


-9-9 

11 

58 

Hypertension, chronic myocarditis 

188 /112 

+ + + 

-9-9-9 

12 

54 

Chronic nephritis 

189 /HO 

+ -r 

-9-9 

13 

71 

Hypertrophic arthritis 

190/90 

+ 

-9-9-9 

14 

62 

Chronic nephritis 

190 /lOO 

+ + 

-9-9-9 

15 

61 

Auricular fibrillation 

190 /no 

++ 

-9-9 

16 

63 

Chronic nephritis, miocarditls 

190 /112 

-9 "9 + 

■9-1-9 

17 

68 

ilitral endocarditis, hernia 

190 /120 

■r + 

-9-9-9 

18 

48 

? Chrome nephritis 

190 /140 

+ + J- 

-9-9-t- 

19 

SO 

Tabes, necrosis of bone 

192 / £0 

+ + + 

-9-9 

20 

26 

Chronic nephritis, mj ocarditi<= 

192 /120 

+ + + 

-9-9*9 

21 

75 

Chronic mjocarditis 

194 / 94 

+ + + + 

-9-1 — 9 

22 

52 

Vascular hypertension 

194 /112 

+ + 

-9-9 

23 

66 

Asthma 

195 /112 

+ 

-9-9-9 

24 

62 

Cerebral hemorrhage, old 

196 /113 

+ + 

-9+0. 

25 

62 

Cerebral hemorrhage 

198 /HO 

+ 

-9-9-9 

26 

23 

Chronic nephritis 

199 /15S 

+ + 

-9 -9 -9 -9 

27 

46 

? Chronic mjocarditis, f aortitis 

202 /144 

+ + 

-9-9-9 

28 

53 

Chrome mj ocarditis, ? chronic nephritis 

205 /105 

+ + 

-9-9-9 

29 

66 

Vascular hypertension 

208 1112 

+ + 

■9 -9 -9 -9 -9 

30 

85 

Chrome nephritis 

210 /H2 

+ + + + 

-9-9 

31 

67 

Chronic nephritis, mj ocarditis 

210 /H6 

+ + 

-9-9-9 

32 

46 

Chronic myocarditis 

210 /130 


-9 -9 -9 -^-9 

33 

51 

Mjocarditis 

215 /ISO 

++ 

-9-9 

34 

37 

Chrome nephritis 

216 /124 

'9-9 

-9-9 

35 

48 

Chronic mj ocarditis 

216 /13S 

■9± 

-9 -9 -9 -9 

36 

29 

Chronic nephritis, nij ocarditis 

216 /lOS 

-9-9-9 

-9-9-9 

37 

43 

Vascular hj'pertension 

218 /104 

-9-9 

-9-9-9 

38 

47 

Chronic nephritis 

218 /144 

-9 -9 a. 

-9-9 

39 

77 

Aortic insufflciencj , chronic nepbntis 

220 / 90 

-9 

-9-9-9 

40 

52 

Chrome nephritis 

200 /1S4 

-9-9-9 

-9-9 

41 

74 

Inguinal hernia 

222 /lOS 

-9 -9-9-9 

-9-9-r 

42 

67 

Vascular hypertension, cirrhosis of liver 

225 /104 

-9 

-9-9-9 

43 

57 

? Chronic nephritis 

232 /120 

-9 

-9-9 

44 

57 

Vascular hypertension 

232 /ISO 

-9-9 

-9-9-9 

45 

47 

Chronic nephritis 

234 /105 

-9-9 

-9-9-9 

46 

45 

Chronic nephritis 

234 /160 

-9 

-9 -9 -9 -9 -9 

47 

43 

Chronic nephritis 

240 /H5 

-9-r 

-9-9-9 

48 

41 

Chronic nephritis, raj ocarditis 

242 /154 

-9-9 

-9-9-9 

49 

58 

Chi omc myocarditis, arthritis 

254 /HO 


-9-9-9 

50 

30 

Chrome nephritis, myocarditis 

266 /130 

-9-9 

-9-9-9 


* Under “Retinal Vessels,” ++++ means beading and +++++ Indicates vessels repre 
sented merely bs nliite lines Otlier signs have same meaning as in Table 1 


peripheral and retinal scleiosis is particularly well demonstrated in this 
table The patient in Case 2 had radial vessels that were definitely 
calcified, and yet the letinal vessels showed only questionable pressure 
effects and unevenness In contrast is Case 46 in which the radials 
were only slightly thickened and tortuous, while many of the retinal 
vessels were so sclerosed that they were represented merely by white 
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lines What was said about the lack of relation between blood pressure 
and peripheral sclerosis is, therefore, confirmed in this group This lack 
of relationship extends also to the retinal sclerosis The last column 
shows clearly that there is a marked association between hypertension 
and retinal sclerosis Closer scrutiny will show that the height of the 
pressure is independent of the degree of retinal sclerosis There is a 
tendency for high diastolic pressures to be associated with the higher 
degrees of retinal sclerosis, but this is only a tendency Several cases 
with high diastolic pressures show only moderate pressure effects and 
unevenness in these vessels Furthermore, many of the cases of marked 
sclerosis are in patients with a relatively low systolic or diastolic 
pressure We can hardly expect such a relationship The blood 
pressure is so variable and fluctuates so markedly from moment to 
moment that it is inconceivable that it could be entirely dependent on a 
factor so fixed as arteriosclerosis of the small blood vessels The 


Table 3 — Degiee of Scleiosis of Rcitnal Vessels in Hypei tensive and 

Nonhypet ten we Cases 



Hjpertensive 

Nonhvpcrtensive 


Group, 

Group, 


Percentage 

Percentage 

Normal arteries 

0 

44 

Questionable sclerosis 

2 

38 

Slight sclerosis 

2 

8 

Moderate sclerosis 

28 

8 

Marked sclerosis 

52 

2 

Beaded sclerosis 

8 

0 

“White line’’ 

8 

0 


100 

100 


vasoconstrictor and vasodilator elements as well as the heart are factors 
which always must be considered 

Although the relationship between the degi ee of retinal sclerosis and 
the blood pressure is not a quantitative one, there is no question about 
a qualitative relationship (Table 3) To us the proof seems absolute 

The contrast between the two groups is indeed extraordinary 
Whereas, in the hypertensive patients 68 per cent showed a grade of 
retinal sclerosis classified as “marked” or even more than that, in the 
other group, 82 per cent had practically normal vessels and only one 
case showed “marked” sclerosis In this patient, moreover, the marked 
unevenness of caliber was confined to a single vessel 

During our search for persons with low pressure and sclerosis, four 
cases were discovered which were extremely stimulating and con- 
firmatory of what we have written m the foregoing on the relation 
between retinal scleiosis and hypertension These cases are the first 
four in Table 4 They were presented to us as cases of peripheral 
sclerosis with normal blood pressure Without knowing anything more 
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about the patients, we made an examination of the fundi, and found that 
two of the patients showed maiked sclerosis and two moderate sclerosis 
These foui cases offei the strongest proof of our thesis On obtaining 
the histones of the patients, we discovered that all of them had previ- 
ously been hypertensive, as indicated m Table 4 We have subsequently 
added twelve more cases from our records which illustrate the same phe- 
nomenon In only two were the retinal vessels normal Such facts 
offer much food for thought They suggest strongly that although 
hypertension occasionally occurs without evidence of sclerosis in the 
retinal vessels, the finding of the latter indicates the probability of a 
previous hypertension 


Table 4 — Patients with Normal or Lozv Piessuic Who Pieviously 
Have Had Hypertension 


Cnee 

Blood Pressure 

Previous 

Blood Pressure 

Retinal Vessels 

1 

120 / 80 

170/ 90 

+++ 

O 

134 / C5 

162/ 72 

++ 

s 

144 / V2 

160/ 80 

++ 

i 

147 / 85 

210/100 

++++ 

B 

108/72 

208/100 

0 

(i 

128 / 68 

200/100 

+ 

T 

130 / 82 

240/102 

++ 

8 

132 /112 

199/158 

+ + 4- + 

9 

140 / 80 

270/190 

+4' 

10 

142 / 28 

180/ 35 

0 

11 

142 / 80 

192/100 

+ 

12 

14? / 80 

180/120 


13 

142 / 88 

180/ 90 


14 

144 / 94 

190/100 

+ 


148 / 87 

172/ 84 

+ 

10 

160/68 

185/ 90 



To us, these obsei vations, even m a small series of 100 cases, are 

• 

of special importance First, the}- emphasize the great importance of 
examining carefully the retinal vessels instead of merely glancing at 
the fundi for the fai less important hemorrhages and white spots It 
has been shown definitely by Moore ® that the condition of the retinal 
arteries is a close guide to the condition of the cerebral vessels Conse- 
quently, they must be of considerable prognostic value Then, too, the 
finding of retinal arteriosclerosis in patients with a normal or low 
blood pressure probably indicates, as in our sixteen cases, the existence 
of a previous hypei tension with a subsequent myocardial weakening or 
loss of vascular tonus This finding would have done much to solve 
the difficulty experienced by Janeway and others in deciding which 
arteriosclerotic patients had a low tension because of cardiac weakness 
and which had always had low tension It is often of the greatest im- 
portance from the point of view of diagnosis, and particularly of 
prognosis, to be able to decide such a question These facts also bring 


6 Moore, F Quart J Med 10 29, 1916-1917 
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out the great clinical difterence that exists between artenoscleiosis con- 
fined to vessels of the first and second order of magnitude and those 
of the third 

Oui results definitely establish the fact that the peripheral vessels 
play little or no part in hypertension They do show, however a 
definite lelationship between small vessel sclerosis, indicated m the 
letinal arteries, and high blood pressure Nothing was developed 
from these observations to prove whether hypertension comes first and 
sclerosis second, or vice versa But they do get closer to the facts 
Undoubtedly, many cases of essential hypertension which are said to be 
free from association with arteriosclerosis, in reality may have a con- 
siderable degree of sclerosis of the small blood vessels Undoubtedly, 
too, there are many'' cases of early hypertension m which no sclerosis of 
the retinal vessels can be made out We wish to call attention, however, 
to the findings of Cohen,^ who noticed the absence of any apparent 
retinal arteriosclerosis as obser\ed through the ophthalmoscope but the 
presence of letinal arteriosclerosis m the same patient when the retina 
was obser^^ed microscopically He also calls attention to the fact that 
choroidal arteriosclerosis was present without retinal arteriosclerosis, 
and when both were present the former was even more marked than the 
latter One other thought arises in conjunction with this work We 
must assume that this disorder of small vessels is more or less general 
We cannot think for an instant that hypertension is associated only 
with sclerosis of the retinal arteries These are probably, therefore, a 
fair index of small vessels throughout the body 



OBSERVATIONS ON PULSUS PARADOXUS (WITH 
SPECIAL REFERENCE TO PERICARDIAL 
EFFUSIONS) 

I CLINICAL '■ 

H W GAUCHAT, MD, and L N KATZ, MD 

CLE\ELA.ND 

The occasional occunence of a mailced respiiatory variation in the 
amplitude of the pulse was first described in 1850/ and since that time 
many repoits concerning its clinical significance have appeared The 
opinions expressed in legaid to the probable cause and significance 
of this phenomenon have been manifold, diverse, and often contradic- 
tory, so much so, perhaps, that modern writers seem inclined to look 
on the question of pulsus paradoxus as the remnant of an unfinished 
polemic During the routine examination of a large number of patients 
coming into the hospital, we weie impressed by the appearance of 
pulsus paradoxus in certain types of disease Observations were there- 
fore made on these patients, and animal experiments were devised to 
aid in the clinical interpretation of this interesting pulse phenomenon 
The first critical exposition of pulsus paradoxus was presented by 
Kussmaul ^ in 1874 His polygraphic records were not complete, but 
his detailed descriptions of three cases, including one previously 
reported by Gnesinger,® leave no doubt concerning the precise nature 
of the condition which he observed Because of the prevailing mis- 
conception of Kussmaul’s work and the vague manner in which many 
textbooks allude to the pulse which justly bears his name, it seems appro- 
priate to quote from his original contiibution After thoroughly 
desciibing the pathologic entity of fibrous mediastinopericarditis with 
thoracic adhesions, he continues 

Clinically our affection of chronic inflammation of the pericardium and its 
obliteration, which is a criterion of mediastimtis, leads to a peculiar pulse 
phenomenon from time to time associated with unusual behavior of the neck 
veins During the time that the sternum with each inspiration exerts a narrow- 
ing tug upon the ascending arota or the arch, the pulse in all the arteries becomes 
regularly and rhythmically smaller, while the heart movements remain constant 
Thus with each inspiration, at regularly repeated intervals, the pulse becomes 
smaller to return again with expiration I propose, therefore, to call this the 
paradoxical pulse, partly because of the peculiar disproportion between the heart 
activity and the arterial pulse, partly because the pulse, in spite of the seeming 
irregularity, in reality has become a regularly recurring waxing and waning 


* From the Medical Clinic of City Hospital, Western Reserve University 

1 Williams, C J B London J Med 2 164, 1850 

2 Kussmaul, A Berl klin Wchnschr 10 433, 445, 461, 1873 

3 Griesinger, W , quoted by Kussmaul, Footnote 2 
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111 the light of this excellent clinical and pathologic report, one is 
inclined to accept Kussmatirs use of the term “paradox” as legitimate 
m spite of the fact that it is frequently referred to as a “misnomer” ^ 
or a “poorly chosen name ” ® Such statements are not based on a fair 
appreciation of KussmauFs work, and tend to discredit any clinical 
significance which this phenomenon may possess 

A great deal of discussion has appeared in the literature since this 
classical research Clinicians and physiologists have endeavoied to 
justify their own interpretations of the phenomenon, generally, however, 
with insufficient eiidence to support them Soon after KussmauFs 
report, Sommerbrodt ® claimed that the so-called paradoxical phenome- 
non was m reality a noimal event which could be found m nearly all 
healthy persons during deep breathing, especially those with powerfully 
developed thoracic muscles ReigeP observed it in a typhoid patient 
after severe hemorrhage, and believed that myocardial weakness played 
the important role m such cases His mam idea, however, was that 
the pulsus paiadoxus was due to an incomplete filling of the aortic 
sj'^stem which might result from a deep inspiration Gaisbock’s ® observa- 
tions led him to conclude that this pulse is produced by a reflex 
vasomotor mechanism acting through the medullary center He sup- 
posed that a peripheral constriction occurs during inspiration causing a 
diminished volume of the radial artery Falconer and McQueen,” 
Hewlett,^” P W Wilhams,^^ Edgecombe, Harris,^” and others, reported 
observations on the decrease m volume in the radial arteries (usually 
111 one only) during inspiratory movements of the thorax which have 
been shown to be the result of oval compression of the subclavian artery 
between the first rib and the clavicle This feat is accomplished by 
practiced contortions of the thoracoscapular groups of muscles and is 
necessarily limited to the arteries beyond the constricting point Rosen- 
bach proposed that kinking of the inferior vena cava by the contract- 
ing diaphragm would explain the inspiratory diminution in the arterial 
pulse wave in some cases Traube and Wenckebach held that 

4 Lewis, T J Physiol 37 233, 1908 

5 Sahli, H Treatise on Diagnostic Methods, Ed 4, Philadelphia, W B 
Saunders Company, p 126 

6 Sommerbrodt, H Berl klin Wchnschr 14*615, 1877 

7 Riegel, F Deutsch med Wchnschr 24 345, 1903 

8 Gaisbock, F Deutsch Arch f klin Med 110 506, 1913 

9 Falconer, A W , and McQueen, T M Quart J Med 8 38, 1914 

10 Hewlett, AW A Unilateral Paradoxical Pulse, J A M A 45 1405 
(Nov 4) 1905 

11 Williams, P W Brit M J 2 369, 1907 

12 Edgecombe, W Brit M J 2 890, 1920 

13 Harris, T Lancet 1 1072, 1899 

14 Rosenbach, O Arch f path Anat u Physiol 105 215, 1886 

15 Traube, L Berl klin Wchnschr 13 369, 1876 

16 Wenckebach, K F Brit M J 2 369, 1907, Ztschr £ klin Med 7 402, 
1910 
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adhesions, such as are found in mediastinopencarditis with obliteration 
of the sac, will diiectly embarrass the action of the heart by virtue of 
the tension which they exeit on it during inspiiation 

The apparent relationship between the pulsus paradoxus and intra- 
pleural pressure variations has been pointed out by Wenckebach,^'* 
Reichinann and others Every one is familiar with the simple experi- 
ments of Valsalva and Muller, in which respiratory efforts are made 
with the glottis closed Ho-\\ever, the effects of these experiments on 
pulse volume and piessure have been variously interpreted In fact, 
there has been a long period of controversy among physiologists concern- 
ing the exact effect of respiration on cardiodynamics 

After reviewing the literature, one feels that Kussmaul’s original 
position remains valid, but theie is sufficient evidence to suggest that 
as a diagnostic factoi its possibilities should be more clearly defined and 
extended One of the first logical steps in this direction was undertaken 
by Schreiber,^® who separated the “true” pulsus paradoxus from the 
“false” types “True” pulsus paradoxus, he said, must conform to the 
following stipulations (1) it must be felt m all accessible arteries, 
(2) It does not require a deep inspiration, (3) there must be no irregu- 
larity of the heart action Thus he excluded the many case reports 
which involve compression effects on ceitam arteries, voluntary exag- 
geration of breathing, and pure sinus arrhythmias Othei observers 
have emphasized the important distinction between the dynamic type 
which results from respiratory conditions, modifying the intrapleural 
pressure, and the mechanical variety which is produced by the tugging 
of mediastinothoracic synechia on some part of the cardiac structures 
The appearance of a paradoxical pulse in patients with pericarditis, 
we have found to be of unusual significance True, most of the con- 
troversy concerning pulsus paradoxus has centered around this patho- 
logic condition, but curiously enough it appears that so much attention 
has been given to the adhesive forms that the serous types have been 
neglected Our interest in the paradoxical phenomenon was first stimu- 
lated by the striking examples obseived m patients with pericardial 
effusion 

Definition and Classification of Pulsus Paradoxus 
In order to limit the discussion, Ave attempt to define and classif} 
pulsus paradoxus By a pulsus paradoxus, pulsus respiratio, or Kuss- 
maul’s pulse, we mean a rhythmical pulse which diminishes perceptibly 
in amplitude oi is totally obliterated during inspiration in all palpable 
arteries It is a periodic waxing and Avaning of pulse amplitude, which 

17 Reichmann, E Ztschr f khn Med 53 112, 1904 

18 Schreiber, J Arch f Exper Path u Pharmak 12 168, 1880 

19 Wenckebach Footnote 16 Semerau, M Deutsch Arch f khn Med 
115 608, 1914 
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from the standpoint of clinical interest must occur without conscious 
effort on the pait of the patient to modify his breathing This diminu- 
tion in pulse amplitude is alwa}s accompanied by a fall m systolic 
blood pressure We wish to lay particular emphasis on the fact that we 
are dealing with a piactical clinical problem, and therefore we exclude 
all pulse phenomena which cannot be detected by the palpating fingei 
and likewise an)'’ instances in which the subject intentionally influences 
the character of his respiration 

Clinical Classification of Pulsus Paradoxus 
The clinical mateiial which we have gatheied on this pulse phenome- 
non can be best arranged, we believe, as follows 

GROUP I Abnormal conditions of the respiratori system 

4 Partial tracheal or bronchial stenosis bronch.oiar spasm, 
larymgeal croup 

B Pathologic processes impairing lung extensibilitj pneumonia, 
chronic emphysema 

C Involuntarily exaggerated breathing 

(1) Uncomplicated acidosis 

(2) Associated with cardiovascular inefficienc\ severe 

hemorrhage, my'ocardial failure 

GROUP II Pathologic conditions of the pericardium 
A Alediastinopericardial adhesions 
B Pericardial effusion 

(Paramediastinal encapsulated pleuial effusion) 

Pulsus Paradoxus Associated With Abnormal Conditions 
OF THE Respiratory System 

It did not seem advisable to repoit all our cases of pulsus paradoxus 
in statistical fashion, but rather to cite a few examples commonly seen in 
the clinic and to offer an interpretation of the phenomenon m these 
cases 


20 Congenital anomalies of the circulation, such as patent ductus arteriosus 
have been reported as a condition producing pulsus paradoxus Francois-Franck 
(quoted by Reichmann, Gaz med de Pans, No SO, 1878), among others, 
believed that m such conditions the waxing and uanmg of the pulse was due 
to a shunting of aortic blood into the pulmonary arterj during inspiration, 
thereby decreasing the volume of the aortic pulse wave This explanation maj 
be correct, provided a free flow of blood from tlie aorta occurs under such 
conditions Cases of this nature are seldom observed, hove\er, and a clinical 
diagnosis is diflfcult to establish Furthermore, a recent experience has cast 
some doubt on the contention tliat pulsus paradoxus may be produced bj' a 
patent ductus arteriosus Two cases of aneurysm of the sinuses of Valsaha 
which perforated into the pulmonar} arterj', causing a free anastomosis between 
the two vessels, have been intensiveh' studied in this clinic Neither of these 
showed a paradoxical pulse Both came to necropsj and will be reported by 
Dr R W Scott 

21 Our animal experiments (Katz, L N , and Gauchat, H W Arch Int 
Med , this issue, p 371, have demonstrated conclusively that the intrapleural 
pressure is the prime factor responsible for the pulsus paradoxus in this group 
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P ait ml Tiacheal oi Bionchml Stenosis (.Group 1, A) Pulsus 

paiadoxus was frequently found m patients sulfering from acute asth- 
matic attacks The presence of a marked increase in the negative intra- 
pleural pressuie was evident in these patients by the retraction of the 
intercostal spaces, the nai rowing of the costal angle and the vertabraed 
movement of the ensisternum during inspiration The prompt relief 
from this respiiatoiy embanassment which was secured by the adminis- 
tration of epinephi in resulted in a coincident disappearance of the para- 
doxical pulse 

Similar obseivations \vere made in cases of tracheal obstruction 
due to aneurysm of the transveise aorta or mediastinal tumor We also 
observed a paiadoxical pulse in children with diphtheria striving des- 
peiately to breathe against partial obstruction of the larynx The 
dramatic lelief given by intubation or tracheotomy was promptly fol- 
lowed b} disappeaiance of the waxing and waning of the pulse Ger- 
hardt,-- m 1895, emnhasized this manifestation of the pulse as an 



Fig 1 — Pulsus paradoxus in a patient with chronic bronchitis and emphysema 
Upper curve is an optical record of the right radial artery obtained with 
Wiggers’ pulse recorder (Wiggers, C J, and Baker, W R Am J Physiol 
59 454, 1922) and segment capsules Lower curve of respiration was taken 
simultaneously by means of a cup tambour fastened over the epigastric region 
by an elastic band — upstroke inspiration, downstroke expiration Vertical lines 
denote 0 1 of a second, horizontal lines 1 mm apart, a, beginning of inspiration, 
b, beginning of expiration 

indication of the onset of the stage of asphyxia in cases of laryngeal 
croup 

Pathologic Piocesses Impaiung Lung Extensibility (Group 1, B) 
— We have found frequent instances of the paradoxical pulse associated 
with diseases which involve the parenchyma of the lung A particularly 
striking example (Fig 1) was seen in a child with acute broncho- 
pneumonia following measles In this case, diffuse infiltration and con- 
sequent inexpansibihty of the bases of the lungs made it necessary for 
the patient to accomplish respiration entirely by the use of the thoracic 


22 Gerhardt, C Berl khn Wchnschr 34 4, 1897 
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cage The extraordinary effort required to ventilate a lung whose 
elasticity was distinctly reduced demanded an increase in the depth and 
the velocity of inspiration 

Pulsus paradoxus was found in all varieties of pneumonic infiltra- 
tion The fact that many cases of pneumonia do not exhibit the phe- 
nomenon suggests that the volume and elasticity of the unaffected lung 
areas may suffice to carry on respiration without causing an undue 
increase in the intrapleural pressure values Although the respiratory 
rates which accompany pneumonic affections are usually rapid, this 
does not necessarily imply that the pleural pressure variations aie appre- 
ciably increased There is no practical clinical method of measuring 
intrapleural pressure, but careful attention to the patient’s mechanism 
of breathing usually permits a reasonably accurate estimation 

While making observations in a large number of cases with well 
advanced pulmonary tuberculosis, we were somewhat surpiised to find 



Fig 2 — Pulsus paradoxus in a patient with diffuse bronchopneumonia 
Record obtained as in Figure 1, except that a Mackenzie polygraph was used in 
place of the optical capsule P denotes comparable points Upper curve is 
respiration, upstroke inspiration 

that these patients did not have a paradoxical pulse This may be due 
to the fact that the majority of tuberculous patients in spite of extensive 
parenchymal involvement do not, as a rule, have an increased depth 
of breathing The slow process of infiltration and cicatrization prob- 
ably allows ample time for the unaffected lung areas to assume the 
ventilatory function without an increase m mtrapleuial pressure 
variations 

Several patients with chronic emphysema were observed m periods 
of acute pulmonary decompensation at which time the pulsus paradoxus 
was quite marked (Fig 2) On recovering from these attacks of 
severe bronchitis and the establishment of a fairly normal type of 
breathing, the paradoxical pulse disappeared entirely It is not sur- 
prising that our cases of pulmonary emphysema exhibited the most 
marked examples of pulsus paradoxus seen under Group 1, when one 
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considers the nature of this pathologic condition There is probably no 
chronic process which should be more effective in modifying intra- 
pleural pressure values than chronic bronchitis and emphysema, for 
here we may have the combined effects of bionchiolar stenosis, rigidity 
of the lung, and an inefficient action of the diaphragm In fact, the 
handicap offered to pulmonary expansion by these factors probably 
causes more marked changes in intrapleural pressure than might be 
suspected from examination of the patient 



Fig 3 — Diagranimatic scheme of the respiratori'^ mechanism Arrows placed 
in the pleural spaces represent the variation in pressure during a normal respira- 
tion N represents the normal variation, X, an exaggerated value which is 
sufficient to produce a pulsus paradoxus The value X may be produced by 
increasing the excursion of the thorax by stenosis of the trachea or larynx 
indicated by A, by bronchial stenosis (5) or pulmonary infiltration (C) 


Involuntmily Bxaggeiated Breathing (Group 1, C) — In the routine 
examination of patients suffering from renal or diabetic acidosis we 
frequently observed a pulsus paradoxus We found some patients 
with renal acidosis, however, who had a considerable increase in the 
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tidal an, but because the velocity (that is the gradient of the variations 
in intrapleural piessuie) uas not inci eased (both inspiration and 
expiration being prolonged) there was no palpable Aariation in the 
pulse wave 

Respiratoiy and cn dilatory conditions occasionally combine their 
effects to produce a pulsus paiadoxus For example, we found a paia- 
doxical pulse in patients undei anesthesia, uho had lost much blood 
It Mas also commonl) present in cases of surgical shock Moribund 
patients in the stage of cardiovascular collapse frequently exhibited a 
pulsus paradoxus 

Comment — We have indicated in the foregoing presentation that 
ceitain well knoun t}pes of respirator}^ disease aie frequently asso- 
ciated Avith a pulsus paiadoxus The one factor common to all these 
conditions is an abnoimal variation in intrapleural pressure The 
cause of this inciease may be due to stenosis of the air passages or 
imohement of the pulmonai} parenchyma, as pointed out in the foie- 
going discussion and diagrammaticall} lepiesented b} A, B and C in 
Figure 3 We ha\e denoted the normal intrapleural pressuie vaiiation 
in this figuie by "N,” and we may assume on the basis of animal experi- 
ments given 111 anothei repoit that Mheneiei this is inci eased to 
the hypothetical value “X,” we may expect a pulsus paradoxus to 
result, regardless of the exact physical defect in the respiiatory mecha- 
nism In certain cases, marked circulatory inefficiency may pla} the 
leading idle m the pioduction of a paiadoxical pulse 

The precise mannei in which the laiiations in intrapleural pies- 
sure manifest themselves in the peripheial pulse, Ave shall leaAe foi dis- 
cussion in the repoit of our animal experiments For practical 
purposes, it is sufficient to knoM that the presence of an inci eased 
intrapleural pressure variation may adequately explain the clinical 
production of pulsus paradoxus 

It follows, therefore, that m older to offer a coiiect interpretation 
of the paradoxical pulse phenomenon as it occurs in respiratory diseases, 
certain signs must be looked for Is respiration thoracic or abdominal ^ 
Do accessory muscles pai ticipate in the i espiratory act ^ Is thei e reti ac- 
tion of the intei costal spaces^ What are the evidences of excursion 
and activation of the diaphragm 7 Is the velocity of inspiiation and 
expiration increased 7 Obviously, it is only by such a careful analysis 
of the mechanism of breathing that one can make a reasonable clinical 
estimate of the intiapleuial piessuie A'anation at the bedside 

23 The phenomena of cardiorespiratory interference ^\a^es recently reported 
b}' Gesell and his associates maj , as they suggest, be explained on a similar basis 
(Trotter, R T , Edson, P, and Gesell, R Am J PInsiol 60 SOO, 1922) 
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Pulsus Paradoxus Associated With Pathologic Conditions 

OF THE Pericardium 

We wish to present several detailed case leports of pericarditis 
These were selected from our series because they include the various 
clinical forms, and moreover because they illustrate clearly the relation 
of pulsus paradoxus to pericardial pathology 

mediastinopericardial adhesions (Group II, A) 

Case 1 — History — S, white, a carpenter, aged 28, admitted to the hos- 
pital on Aug 28, 1922, with a diagnosis of chronic fibrous mediastinopericarditis, 
became ill six months prior to admission, with shortness of breath, pain in the 
chest, cough, and an attack of hemoptysis which sent him to a hospital His 
condition remained about the same, and after two weeks he returned home, where 
he had been gradually declining up to the time of his admission 

Physical Exammation — The patient was a well developed, undernourished 
man, propped up in bed in a comfortable attitude An irritating cough, pain 
beneath the lower end of the sternum, and shortness of breath on exertion were 
his chief complaints There was some edema of the dependent parts and the 
face Respiration was increased in rate (26 per minute) and was predominantly 
thoracic in type, with impaired undulatory movement of the upper right ribs 
In spite of these variations from the normal, the patient’s breathing efforts were 
quiet and regular The pulse was small and monocrotic in type, with a palpable 
waxing and waning during tranquil breathing Blood pressure was systolic, 
120, diastolic, 80 The jugular bulb was not distended and exhibited a normal 
pulsation A feeble apical impulse was perceptible in the anterior axillary line 
in the fifth intercostal space, and a systolic impulse and diastolic impact were 
felt over the area of the second and third left intercostal spaces bordering on 
the sternum The percussion boundary of the heart extended to the left anterior 
axillary line in the fifth interspace The right boundary of cardiac dulness 
formed an obtuse angle with hepatic dulness at a level with the fourth rib 4 cm 
from the sternum Auscultation of the cardiac area revealed distinct sounds 
at the base and apex Reduplication of the second sound, which was only occa- 
sionally present over the base of the heart, was the only variation from normal 
The liver margin was 3 cm below the right costal border, firm and not tender 
The spleen was not enlarged 

Roentgen-Ray Evavunation — A large, ill-defined, pyramidal heart shadow 
was found encroaching on the lung areas at the bases No pulsation was seen 
under the screen Both costophrenic sinuses were cloud}-^ Excursion of the 
diaphragm was limited Surrounding lung areas were “hazy” in character, 
except the right apex, which had a moderately dense cloudiness The most 
unusual feature of the plate was the “shaggy” and indistinct margin of the 
cardiac area, which fused with the pulmonary shadows, making it difficult to 
determine its exact outline 

Subsequent Course — The diagnosis of chronic mediastinopericarditis was 
made, with the suspicion that there might be some effusion into the sac How- 
ever, this was early excluded by ineffectual attempts to remove fluid by tapping 
at these points To the right of the sternum in the fourth interspace, the trochar 
lodged in the auricle, and venous blood was obtained In the left fifth interspace, 
the needle “grated” against the ventricular musculature A puncture was made 
by inserting the trochar underneath the tip of the xiphoid cartilage through the 
subcardial diaphragm By this means, 2 ounces (60 c c ) of serosanguineous 
fluid were aspirated, presumably from the pericardial sac 

Sept 11, 1922 The patient’s general condition improved after a course of 
digitalis therapy He was up in wheel chair Pulsus paradoxus was observed 
in the erect and prone positions 
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September 19 There were signs of fluid at the right lung base and 800 c c 
of clear serous effusion were removed, the specific gravity of which was 1 016 
Pulsus paradoxus was still present 

September 29 Thoracentesis of the right pleural cavity (1,200 cc) was 
performed The pulse was unchanged 

October 19 The patient’s general condition was worse There was fluid in 
both pleural cavities and the abdominal cavity Abdominal paracentesis (2,500 
c c of bloody serous exudate) was performed 

October 26 There was great difficulty in swallowing Cyanotic, generalized 
edema and dyspnea were present 

On October 29 the patient died 

Synopsis of Poitmoitcm Examination — The heart and pericardium were 
universally adherent and firmly attached to the sternum, weighing together 
630 gm The pericardium was greatly thickened, particularly over the region 
of the coronary sulcus, at which place it was 10 mm thick At the apex and over 
the auricles the average thickness was 4 mm The posterior portions of the 
pencaidial membrane consisted of a layer of caseous material, and caseous 
tubeicles were found on the anterior surface of the heart Both lungs were 
everywhere adherent to the chest wall and mediastinal structures Costophrenic 
sinuses and the subcardial diaphragm were covered with thick fibrous and 
caseous exudate There weie found also miliary tuberculosis of the spleen, 
peritoneum, liver and omentum, chronic vegetative mitral valvulitis, tuberculous 
ulceration of the cecum, chronic passive congestion of the viscera and general 
anasarca 

Comment — This clinical picture as well as the postmortem findings 
bears a striking resemblance to Kussmaul’s ^ cases We weie unable to 
find any particular relation of the mediastinal adhesions to the arch 
of the aoita such as Kussmaul described, and thus could not confiim 
his contention that the pulsus paradoxus results from a kinking of the 
aoita by the cicatricial bands encircling it 

In another case in this group an inspiratory distention of the neck 
veins was observed, a phenomenon which Kussmaul also pointed out, 
and which he propeily attnbuted to the mediasinal synechia 

PERICARDIAL EFFUSION (GrOUp II, B) 

CAst 2 — History — J S, colored, a mill worker, aged 23, was admitted 
to the hospital on July 31, 1920, with a diagnosis of chronic tuberculous peri- 
carditis with effusion and tuberculous peritonitis and pleurisy with effusion 
The patient had been ill for the past three months with cough, pain over the 
right hypochondnum, and increasing shortness of breath, all of which began 
with a “cold” contracted while working at a hot furnace He had always been 
well until the onset of this illness 

Physical Examination — The patient was sitting comfortably in bed, with no 
particular signs of illness His breathing was slightly increased in rate (24 a 
minute), quiet and regular, and predominantly thoracic The pulse showed a 
palpable waxing and waning with respiration m all accessible arteries Blood 
pressure during expiration was systolic, 118, diastolic, 85 The pulse rate was 
90 The neck veins were somewhat distended but with normal pulsations The 
tension within the jugular bulb decreased during inspiration The temperature 
was 38 4 C (1012 F ), but the patient did not feel feverish Chest examination 
revealed a large flat area of cardiac dulness extending as far as the midaxillary 
line on the left, and 3 cm to the right of the sternum, where it merged with the 
dulness of a pleural effusion which extended up to the level of the third inter- 
costal space anteriorly and the fifth rib in the postaxillary line The precordial 
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area was flat to percussion, as much as at Louis’ angle as over the lower segment 
of the sternum No visible or palpable cardiac impulses were present The heart 
sounds were faintly audible, and no murmurs were heard The left lung base 
posteriorly had a tympanitic percussion note The inferior border of the liver 
was 2 cm above the umbilicus, with its edge rotated downward, so that it could 
be palpated only with difficultj’’ 

Roentgen-Ray Etaimnaiton — An immense pyriform cardiac shadow, which 
did not pulsate, was observed under the fluoroscopic screen A fluid shadow 
was present in the right pleural cavity, and there was a faint cloudiness over 
both lung areas 

Subsequent Couise — The patient remained in the hospital for one year prior 
to his death He began to decline about a month after admission, on account 
of a dissemination of the tuberculous infection, which gradually invaded the 
lungs, pleura and peritoneum The serous cavities w'ere tapped on numerous 
occasions to relieve the embarrassed respiration Six weeks before he died, a 
total of 7,000 cc of serosaiiguineous fluid were withdrawn in one day, 5,550 cc 
from the abdominal cavit}', 1,000 cc from the left pleural cavity and 450 cc 
from the pericardial sac A guinea-pig inoculated w'lth the pericardial fluid 
died of tuberculosis 

This case w'as repeatedly used for the demonstration of pulsus paradoxus to 
junior medical students, and the disappearance or abatement of this phenomenon 
after tapping was demonstrated by the house physicians, who performed peri- 
cardial paracentesis on six occasions Twelve hundred cubic centimeters was 
the largest amount removed from the prccardial sac at aii}'- one time During 
the last few months, the patient suffered from circulatory stasis and djspnea 
The pulse became small and rapid, so that the paradoxical effect %vas not a 
prominent feature He died on June 25, 1921 

Synopsis of Postmot tern Exannnation — The pericardial sac was considerably 
enlarged, greatly thickened (6 mm ), and contained about a pint of clear serous 
fluid The posterior portion of the sac was adherent to the heart, and the 
epicardium over the anterior surface w'as covered by a layer of caseous material 
2 mm thick All of the mediastinal structures, especially the great vessels, 
w'ere so densely adherent that it was necessary to remove them en masse 

The heart was small (not weighed), and had the characteristic appearance 
of brown atrophj' The endocardium, heart vmlves and aorta w'ere uninvolved 
There was found also serofibrinous pleuritis with bilateral sacculated effusions, 
discrete pulmonary tuberculosis — both apexes, atelectasis of the lower lobe of the 
left lung, caseous tuberculosis of the thoracic and abdominal lymph nodes, sero- 
fibrinous peritonitis with ascites (4 liters), chronic passiv'e congestion of the 
viscera, perilobular cirrhosis of the liver and general anasarca 

Case 3 — Histoiy — M Z, a white man, a laborer, aged 60, was admitted to 
the hospital on Nov 20, 1919, with a diagnosis of tuberculous pericarditis with 
effusion fllie patient said that his trouble began three weeks before admission 
with cough, fever and chilliness, and pain over the lower portion of the sternum 
The irritating, unproductive cough did not allow him to sleep, and during the 
past few days aphonia and dysphagia developed Previously he had always 
been well and he was accustomed to hard work 

Physical Evamination — The patient, a well nourished man, about 60 3 'ears of 
age, was reclining comfortably in bed His respiration was 26, pulse rate, 96, 
temperature, 37 C (93 6 F ) His cheeks, lips and ear lobes had a peculiar dusky 
hue, which has been aptly described as a peach-skm complexion There was 
slight supramalleolar edema The rapid, small volume pulse manifested a strik- 
ing waxing and waning, being almost entirely obliterated during his tranquil 
inspiratory efforts The jugular bulb became distended when the patient assumed 
the recumbent position Examination of the thorax revealed a pyriform area of 
precordial dulness, moderate emphysema of the lungs, and moisture at both 
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lung bases On auscultation over the central region of the sternum a soft to 
and fro friction rub was heard The liver was displaced downward, which 
caused a prominence of the epigastrium 

Roentgen-Ray Examination — This examination substantiated the clinical 
impression of a large pericardial effusion encroaching on both lung areas A 
faint cloudiness m the right apex was suggestive of a thickened pleura 

Subsequent Couise — Because of the rather abrupt onset and the patient’s 
good condition, it was thought at first that he suffered from an acute infection 
of the pericardium The subsequent course, however, disproved the tentative 
diagnosis On the third day after his admission, paracentesis of the peri- 
cardium was performed, and 500 c c of clear, serous effusion were withdrawn 
the specific gravity of which was 1 015 Fluid was still flowing from the needle, 
but it was thought advisable not to remove more at this time Observations were 
made on the pulse, respiration and vital capacity, and it was found that these 
were not materially altered by the paracentesis, except for a decided lessening 
of the respiratory variation in the size of the pulse 

This excellent demonstration of the effect of a pericardial effusion on the 
pulse was repeated no less than thirteen times during a period of several months, 
amounts varying from 200 c c to 1,000 c c being withdrawn on each occasion 
The paradoxical nature of the pulse never completely disappeared, but when- 
ever the aspiration amounted to 500 c c or more, the many house physicians 
and students who usually witnessed the procedure noted a decided lessening 
in the waxing and waning of the pulse The patient experienced considerable 
subjective respiratory relief, and frequently insisted that he should be tapped 
Curiously enough, his heart always maintained a consistently rapid rate (from 
94 to 116) regardless of the fluid content of the pericardial sac His general 
condition permitted him to walk about the hospital during the day, and he 
enjoyed a tolerably good physical condition for one year 

During the last four months of his illness, the patient showed a rapid 
decline due to tuberculous invasion of the peritoneum and colon The peri- 
cardial condition remained about the same up to the time of his death, 
March 8, 1921 

Synopsis of Postinoitein Examination — The pericardial sac was dilated, 
thickened and fibrosed It contained 500 c c of bloody serous exudate, but was 
apparently capable of holding about a liter when filled The heart was fairly 
free in the sac, and the epicardium contained small tubercles and adherent 
fibrinous tags There was little caseation about the mediastinum, the extensive 
pericardial and pleural process being mostly fibrinous in character The 
heart, with its thin laj^er of fibrinous exudate, weighed 325 gm All chambers 
were dilated, and the myocardium was the seat of fatty degeneration The 
endocardium was uninvolved, except for sclerotic thickening of the aorta and 
mitral valve leaflets There was moderate senile sclerosis of the aorta There 
was found also serofibrinous peritonitis, tuberculous ulceration of the intestines 
and colon, acute peritonitis due to perforated ulcer of the ileum and chronic 
passive congestion of all viscera 

Comment — We were privileged to observe these two similar cases 
throughout the entire period of illness Fiequent tapping of the pericar- 
dium demonstrated the intimate relationship existing between a dis- 
tended pericardial sac and pulsus paradoxus Necropsy examinations 
furnished conclusive evidence of the exact nature of the pathologic proc- 
esses The amount of fluid in these cases was found to be considerably 
less than the quantity actually removed from the sac during the earlier 
part of the patients’ illness The recognition of this fact suggests that 
mail}' case reports of pulsus paradoxus attributed to the synechia found 



362 


ARCHIVES OF INTERNAL MEDICINE 


at neciopsy are open to criticism because the quantity of fluid present 
during the course of the disease cannot be correctly judged fiom the 
necropsy examination alone 

Case 4 — History — E B, a colored man, a laborer, aged 28, was admitted 
to the hospital on Dec 7, 1921, with a diagnosis of chronic tuberculous peri- 
carditis with effusion and chronic tuberculous pleurisy with effusion The 
patient walked into the hospital complaining of slight shortness of breath on 
exertion, a sensation of heaviness in the epigastrium, night sweats and general 
malaise He attributed his condition to a "bad cold" beginning one month 
previously with “pleurisy pains” and a cough which still persisted The patient 
had always been well and accustomed to hard work 

Physical Eianititcrfioit — The patient, a tall, stalwart negro, sat com- 
fortably on the edge of his bed The first thing that impressed those who 
examined him was the remarkable waxing and waning of the pulse, whereas 
his breathing would have passed as natural except for a slight increase in 
late The jugular veins uere distended and pulsating slightly Chest examina- 

Table 1 — Obscivaftous Made Duiinq IVithdi azval of 
Puicai dial Fluid (Caic 4) 


JMt in Pcrfcardi il Pressuie 



Qiiantit} 

tVitlidrnun 

In Millimeters of 
Serous Effusion 


lime 

in C c 

(Spccifie Grant} 1 025) Remarks 

10 05 a in 

\aastomosls ■nitli 
manoiiietci made 

00 mm 

Pulsus paradoxus palpable 
In all arteries* 

10 10 

100 

SO mm 

Patient perspiring* 

10 10 

iO 

(Total 130 c c ) 

70 mm 

Xo elTect on pulse* 

10 20 

70 

dotal 200 c c ) 

IS mm 

Pulsus paradoxus still pnl 
pable 

10 25 

110 

(101113100 0 

45 mm 

Pulsus paradoxus decreased 

10 40 

150 

(lot U •i()0 e c ) 

SO mm 

Pulsus paradoxus cannot be 
palpated* 

10 55 

275 

(Uotal 735c c ) 

10 mm 

Venous puls ition noticed in 
jugulars 

11 10 

30 

(Tot il 7S3c c ) 

0 

General condition good* 


Patient returned to vard, ind rested better tli in iimuiI diiniij. Hit niglil 
* Optical records mcil made it tlicsc points 


tion revealed an extensive area of cardiac dulness, with absence of pulsation, 
and faintly audible heart sounds The right side of the chest was flat to per- 
cussion below the fifth rib in the midaxillary line The liver was rotated 
downward 

Roentgen-Ray E^aniinatton — This examination corroborated the presence of 
pericardial and pleural effusions 

Paracentesis of the Pei tcardium — An ordinary long lumbar puncture needle, 
containing a tight fitting stilette, was inserted into the pericardium at a point 3 cm 
to the left of the sternum in the fifth interspace A single calibrated glass tube 
of 4 mm bore was used as a manometer A glass T-tube was interposed m 
the rubber tubing connecting the hilt of the needle to the manometer, and from 
this point the fluid was aspirated with a 200 c c glass syringe Pinch cocks were 
used to keep the systems alternately closed off during aspiration and reading 
of the manometer The heart motion could be felt against the shaft of the 
needle, and the point was presumably in the lowest portion of the pericardial 
sac near the diaphragm 

Table 1 gives the results of the operation described above, and m Table 2 
we have noted the important physical factors which were observed during this 
procedure The tables were made at the time of the operation, and the data 
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are self-explanatory The disappearance of the paradoxical pulse on removing 
the fluid is of particular significance The optical records taken at the designated 
intervals confirmed the impression of three observers who attended to palpa- 
tion of the pulse The paradoxical character of the pulse reappeared the next 
day, but not to the degree previously noted 

The patient stayed in the hospital a few weeks longer, and his general con- 
dition improved shghtl}^ He was readmitted on Feb 2, 1922, because of short- 
ness of breath on exertion and a “heavy feeling in the right chest ” A pulsus 
paradoxus was present Thoracentesis of a large pleural effusion gave consider- 
able subjective relief, but had no influence on the pulse Table 3 gives the data 
on this procedure A few days later his pericardium was tapped in two places 


Table 2 — Obsei-vaUons Befoie and After Paiacentests of the 
Pei icat dial Sac (Case 4) 



Before 

Immediately 4.fter 

Observation 

Paracentesis 

Removal of 785 C c 

Pericardial pressure 

94 90 mm 

0 mm 

Pulse rate 

no 

114 

Pulse amplitude 

Moderately small 

Increased 

Arterial pressure 

140-100 mm 

132 98 mm 

Lateral boundaries of cardiac dulness 

Left midaxillary line 

2 cm outside midclavicular line 

Lower margin of liver 

4 cm below right 
costal margin 

Edge felt at level of right 
costal margin 

Respiratory rate 

34 

32 

Type of breathing 

Predominantly thoracic 

Thoracic abdominal 

Vital capacity 

1 740 c c 

1,825 c c 

Heck veins 

Distended with slight 
visible pulsation 

Pulsating vith decreased 
distention 

General condition 

Pairlygood Breathing feels much easier T\itb 

disappearance of the “heav>” 


sensation m epigastrium 


Table 3 — Effect of Thoiacentcsis of Right Pleuial Cavity on Pulsus 
Patadoxus (Case 4), 1,654 C c Cleat Scions Effusion 
VVithdiawn (Sp Gi 1016)’' 


Observation 

Before Thoracentesis 

After Withdrawal of Fluid 

Pluid pressure 

110-107 mm 

5-2 mm 

Fluoroscopy 

Density in lower half 
of right lung 

Lung practically clear, large 
pear-shaped cardiac shadow 

Pulse rate 

114 

112 

Respiratory rate 

36 

34 

Blood pressure 

145-110 mm 

145 110 mm 

Vital capacity (sitting) 

1 700 c c 

1,850 c c 

Pulsus paradoxus 

Readily palpable 

Unchanged 


* Patient sitting up in bed in a comfortable position, needle inserted at right tenth 
intercostal space in midaxillary line, fluid slowly aspirated into a 100 cc syringe following 
the thoracentesis breathing felt easier to the patient, and there was evidence of excursion 
of the nght diaphragm 

and no fluid obtained except venous blood from the auricle”^ During the 
remainder of his stay in the hospital, his right pleural cavity was tapped four 
times, and an average of 1,100 cc of serous effusion removed each time, but 
without effect on the pulsus paradoxus He requested his discharge on 
March 10, 1922 

Case 5 — Htstoiy — G H, a colored man, a laborer, aged 31, was admitted 
to the hospital on Aug 22, 1922, with a diagnosis of chronic tuberculous peri- 


24 We were somewhat at a loss to explain our inability to obtain fluid from 
the pericardium at this time in spite of the indications of its presence by 
physical signs and roentgen-ray findings Perhaps the two months that had inter- 
vened since the last successful paracentesis allowed the heart to become adherent 
anteriorly, thus obstructing access to a posterior collection of fluid 
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carditis with massive pericardial effusion This patient had had influenza in 
1917, with prompt recovery In 1920, he had had a chancre which he had 
treated himself He considered his general health very good until two months 
before admission, when he began having pain in the abdomen, dizziness, night 
sweats and shortness of breath on exertion He kept at his work until the 
day preceding his admission, when a severe spell of breathlessness forced him 
to give up 

Physical Examination — ^The patient was a large, muscular type of negro, 
sitting in bed, in no apparent discomfort His temperature was 374 C (99 3 F) 
Pulsu-s paradoxus was striking regardless of whether the patient was in a 
prone or erect position When attempts were made by this patient to adapt 
his respiration as nearly as possible to the thoracic or abdominal type, the 
paradoxical character of the pulse remained unmodified The jugular bulb was 
moderately distended and refilled from the cardiac end when obliterated by 
stroking with the finger 



Fig 4 — Optical record of pulse and respiration immediately before and after 
removal of 950 c c of fluid from the pericardial sac (Case 5) Record obtained 
as in Figure 1 Vertical lines 02 of a second apart A shows pulsus paradoxus 
before removal of fluid and B its complete disappearance following paracentesis 
of the pericardium Shifting base line of the pulse curve is an artefact caused 
by movements of the wrist 

Percussion of the thorax revealed a large flat cardiac area extending to the 
midaxillary line on the left, and on the right to the midclavicular line, forming 
an obtuse angle with the liver dulness The excursion of the upper four ribs 
was accentuated but symmetrical on the two sides, and there was inspiratory 
narrowing of the costal angle The percussion note of the left lung base was 
impaired posteriorly, with fine crepitant rales on auscultation of this area 
The lower margin of the liver was percussed but not palpated 2 cm above the 
umbilicus 

Roentgen-Ray Examination — An immense pyriform cardiac shadow which 
did not pulsate was observed under the screen The small lung areas shown 
m the plate were fairly clear The findings were quite characteristic of a large 
pericardial effusion 
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Paracentesis of the Peiicaidmvi — On Aug 28, 1922, the pericardium was 
tapped according to the technic described in Case 4 The observations made 
during this procedure are shown in Table 4 The disappearance of the pulsus 
paradoxus was the most striking feature observed, as shown in the optical 
tracings of the pulse (Fig 4) 

The pericardial sac promptly refilled, and the patient was tapped again on 
several occasions The observations noted at the first tapping were confirmed 
each time The patient left the hospital four weeks after admission at his 
own request 

Comment — The therapeutic experiments in these two cases demon- 
strate clearly that the pericardial effusion was the dnect cause of the 
paradoxical phenomenon, since pulse rate, blood pressure, respiration 
and all other factors of importance remained practically unchanged, 
while the paradoxical character of the pulse disappeared The observa- 
tions made on thoracentesis m Case 4 indicated that the jjresence of a 
large free pleural effusion had no effect on this pulse phenomenon 


Table 4 — Effect of Paiacentesis of Pencaidial Sac on Pulsus 
Pajadoxus (Case 5), 950 Cc Sci osanguincous 
Fluid Removed (Sp Gr 1022) 


Observation 

Before Paracentesis 

Immediately After Paiacentesis 

Pulsus paradovus 

Marked* 

Absent* 

Pericardial pressure 

78-74 mm 

7 4 mm 

Pulse rate 

100 

110 

Pulse volume 

Moderate 

Increased 

Arterial pressure 

Expiration 130 88 mm , 
Inspiration 110-88 mm 

Not recorded 

Fluoroscopy 

Immense pear shaped 

Much diminished 


heart shadow 

ID SIZQ 

Lower liver margin 

4 fingers below right 
costal margin 

2 fingers higher 

Respiratory rate 

24 

24 

Vital capacity 

1450CC 

Not recorded 

Neei veins 

Inspiratory distention 

Less distention, slight 
pulsation 

Breathing easier 

General condition 

Pairly good 


* See Pigure 4 for optical records of respiration and pulse 


Analysis of the pulse tracings in these cases shows that they all have 
the same time relationship to respiration The change in pulse ampli- 
tude always takes place in the first or second beat after the onset of the 
respiratory phase 

Case 6 — Histoiy — N E, a white man, a clerk, aged 36, was admitted to 
the hospital on Oct 27, 1922, with a diagnosis of acute septicemia and acute 
purulent pericarditis About three weeks before admission, an abscess had 
formed on the axillary surface of the right arm The patient became quite 
sick with fever and chills, and the abscess was incised The local condition 
improved, but his general condition became rapidly worse 


25 This applies to all cases of pulsus paradoxus (both Groups I and II) 
which we have studied We mention it here to dispel any ideas concerning a 
possible temporal difference m the paradoxical pulse curves found under different 
clinical conditions However, we have noted a variability in the degree of 
change in pulse amplitude As a rule, the cases m Group II showed a more 
striking fluctuation in the size of the pulse than those in Group I 
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Physical Examination — The patient was a well developed man presenting the 
picture of a severe acute infection and who was at times irrational The incised 
abscess was entirely healed The temperature was 402 C (104 3 F) His 
respiration was 30 The pulse rate was 134 The leukocyte count was 16,000 
Blood culture showed Staphylococcus auteus The impression was that the 
patient was suffering from an acute septicemia, which probably originated from 
the abscess in the right arm 

Subsequent Conise — Nov 4, 1922 The patient developed a pulsus paradoxus, 
and an audible friction rub was heard over the fourth nb to the left of the 
sternum Swallowing became so painful that fluids were given by hjpo- 
dermoclysis There was cardiac dulness 2 cm to the left of the midclavicular 
line and at the right margin of the sternum 

November 7 Pericardiocentesis was performed in the left fourth inter- 
costal space 2 cm from the sternum. Fifty cubic centimeters of turbid straw 
colored fluid containing pus cells and numerous gram-positive cocci were with- 
drawn Staphylococcus auiciis was obtained from culture of the pericardial fluid 

November 9 There was marked pulsus paradoxus Tavo hundred and fifty 
cubic centimeters of purulent fluid were withdrawn from the pericardial sac, 
without any effect on the pulse The condition of the patient made it inadvisable 
to remove more fluid The blood pressure was S 3 'stohc, 118, diastolic, 80 
before and after removal of fluid Signs of infiltration were developing at 
the base of the left lung 

November 12 The patient died 

Synopsis of Postmoi tein Examination — The pericardial sac was distended 
and contained 850 cc of seropurulent fluid No adhesions were present The 
parietal pericardium was of normal thickness, and the epicardium ivas coiered 
by a thin layer of fibrinopurulent exudate There was found also acute sero- 
purulent pleuritis, left, 500 cc, multiple abscesses of lungs, focal, purulent 
nephritis and myocarditis , acute splenic hj'perplasia and duodenal ulcer 

Comment — This case illustrates the diagnostic importance of pulsus 
paradoxus associated with acute infectious conditions Without the 
proper interpietation of the patient’s pulse, the early discovery of the 
purulent effusion probably would not have been made Paracentesis 
was of little benefit here, because of the multiple foci of infection 
throughout the body However, similar cases have been reported cured 
by surgical drainage of the pencaidial sac, and it is interesting to note 
that such a case was presented before the Royal Medical and Chiruigical 
Society in 1883 In this case particulai emphasis atos placed on the 
fact that free drainage of 2 liters of pus from the pericardium at once 
relieved the urgent symptoms, and the pulsus paradoxus, which had 
been striking, immediately disappeaied 

PARAMEDIASTINAL PLEURAL EFFUSION 

Case 7 — Htstoiy — R B, a colored man, a laborer, aged 36, was admitted 
to the hospital on Sept 12, 1921, with a diagnosis of universal mediastmo- 
pericarditis with obliteration of sac (necropsy) , chronic fibrous pleuritis with 
encapsulated left pleural effusion and pulmonary tuberculosis The patient was 
sent to the hospital for active pulmonary tuberculosis During the past few 
months he had noticed increasing shortness of breath and edema of the legs 
He suffered in addition from constant severe pain across the lower portion of 

the sternum 


26 West, S Brit M J 1 814, 1883 
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Physicial Evavnnatwn — The patient was a medium sized, undernourished 
colored man in an orthopneic position His temperature was 38 2 C (100 7 F ) 
Breathing was accomplished almost entirely with the upper portion of the 
thoracic cage There was a vertebraed retraction of the ensisternum Examina- 
tion of the lungs revealed the lower margins of the bases to be higher than 
normal, with a total absence of tidal excursion There was evidence of an 
active tuberculous infiltration at the right apex 

The cardiac area of dulness extended 1 cm beyond the anterior axillary 
line on the left and 2 cm beyond the right margin of the sternum, wheie it 
formed a right angle with hepatic dulness The apical impulse was not palpable, 
but the impulse and impact over the base of the heart was rather pronounced 
The heart sounds were distant at the apex without friction rubs or murmurs 
The pulse was rapid (110), of small volume, monocrotic in type, and exhibited 
a decided respiratory waxing and waning The jugular bulb was notably dis- 
tended, with slight pulsation The enlarged liver made a definite epigastric 
prominence and was tender to palpation There was dependent edema of the 
extremities and back 

Roentgen-Ray Examination — A large rounded cardiac shadow was noted, 
which almost filled the entire left side of the chest and extended slightly 
beyond the right margin of the sternum It formed approximately a right 
angle with the right diaphragm The costophrenic sinuses were clouded and 
indefinite m outline There was some cloudiness of the right apical region 
suggestive of tuberculosis 


P- 





Fig S — Pulsus paradoxus in a case of encapsulated paramediastinal effusion 
(Case 7) Pulse recorded as m Figure 1 

Couise of Illness — The diagnosis of pericardial effusion was made on the 
basis of the large area of cardiac dulness and the pulsus paradoxus The 
rather unusual left-sided situation of the effusion was attributed to dense pleural 
adhesions As the patient’s cardiorespiratory symptoms were becoming more 
urgent, paracentesis was indicated Accordingly, he was tapped m the left 
fourth intercostal space 5 cm from the margin of the sternum, and 650 c c 
of serous exudate were removed The paradoxical character of the pulse was 
markedly diminished by this procedure, and the subjective symptoms temporarily 
improved 

During the eight weeks that the patient was in the hospital, it was necessary 
to tap him every four or five days to give relief from steadily progressing 
symptoms of circulatory embarrassment An average of 600 c c of serous 
fluid were withdrawn each time Two days prior to his death, which occurred 
on Nov 16, 1921, he was tapped again to relieve the urgent symptoms of 
cyanosis, air hunger, edema “brust beklemmung,” etc , which Kussmaul ' described 
as the terminal condition in his patients The result of this procedure is 
given m Table 5 Figure 5 is an optical record of the pulse taken before 
paracentesis Unfortunately curves were not obtained to show the pulse change 
afterward 

Synopsis of Postmoi tern Examination — On opening the thorax, a large firmly 
encapsulated effusion was found in the left pleural cavity in close contact with 
the entire left side of the heart The pleura was everywhere markedly thickened, 
especially along the mediastinum, the walls of the sac being 3 mm in thick- 
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ness The diaphragmatic pleura was completely adherent and 5 mm thick 
The right lung was completely adherent to the diaphragm and parietal pleura 
Discrete tuberculosis was found at the apex of the right lung The heart 
was entirely covered by the smooth, hard and greatly thickened pericardium 
The pericardial sac was completely obliterated The heart and pericardium 
together weighed 675 gm The cut surface of the pericardium was composed of 
several layers of different character, the middle layer being yellow and structure- 
less and the outer layers gray, fibrous and edematous The pericardium varied 
from 1 cm to 2 cm in total thickness, being thinnest over the auricles and great 
vessels and thickest over the right ventricle The myocardium was soft and 
brown, the wall of the left ventricle measuring 11 mm The chambers of the 
heart were reduced in sire Microscopic examination confirmed the diagnosis 
of tuberculous pericarditis There was found also extensive caseous enlarge- 
ment of the mediastinal lymph nodes, discrete fibrous tuberculosis of the left 
apex, passive congestion and edema of the lungs, chronic passive congestion 
of all the viscera, and nutmeg liver 


Table 5 — Effect of Pm acentcsis of Pmamcdmstxnal Plenial Sac on 
Piilsus Pa/adorus (Case 7), SIO C c So osangntneovs Fluid 
Withdiawn (Sp Gi 1025) 


Observation 

Before Paracentesis 

4fter Paracentesis 

Pulsus pnradoMis 

Marked* 

Slightly palpable 

Fiuid pressure (in nun of picural c\udate) 

120-113 mm 

0 24 mm 

Pulse rate 

110 

120 

Pulse volume 

Very small 

Increased 

Arterial pressure 

110-100 mm 

110-00 mm 

Eight border of cardiac diulness 

2 cm to right of sternum 

At right margin of 

Loft border 

1 cm bes ond anterior 

2 cm nlthin anterior 


axillary line 

axillarj line 


in third interspace 

sternum 

Hespiratory rate 

32 

32 

Type of respiration 

Mainly thoracic 

Thoraeo abdominal 

Vital capacity 

1 GOOc c 

Not obtained 

Lon er margin of liver 

Edge palpable at 
umbilicus 

2 cm higher 

Neck veins 

No pulsation marked 

Pulsation ivith less 


engorgement 

distention 

General condition 

Cyanosis, dyspnea, 
edema, very restless 

Not improved 


* Figure 5 shoiis pulse record trom rndial arterj 


Comment — Necropsy examination of this patient revealed a patho- 
logic condition which was not suspected from clinical observations 
What we interpreted in the physical examination as a pericardial effusion 
was, in reality, an encapsulated pleuial effusion From the anatomic 
point of view, this is an exti apericardial process, but in this case it had 
by vnfue of its unique i elation to the heait the same physiologic effect as 
a pci icai dial effusion, as indicated by the marked improvement m the 
pulse following paracentesis 

It is important, however, to consider the influence of the obliterative 
pericarditis which was also present m this case Although lemoval of 
the fluid did not cause complete disappeai ance of the pulsus paradoxus, 
it had a pronounced effect in modifying the phenomenon Conse- 
quently, we may state that of the factors concerned, the evidence 
strongly indicated that the primary role was played by the parame- 
diastinal effusion 
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GENERAL COMMENT 

The foregoing cases illustrate the intimate relationship existing 
between pericarditis and the pulsus paradoxus Our studies of these 
patients confirm the generally accepted opinion that cicatricial 
mediastmopencarditis is responsible for the paradoxical pulse in certain 
cases An analysis of the hospital necropsy reports wherein adhesive 
peiicarditis was present with no pievious clinical eMdence of a pulsus 
paradoxus strongly suggested to us that the absence of this physical 
sign in such cases was due to lack of adhesions to mobile portions 
of the thorax 

The observations made on paracentesis of the pericardial sac demon- 
strated quite conclusively that the effusion m these patients was diiectly 
responsible for the production of pulsus paiadoxus It is well known, 
however, that cases of pericarditis with effusion may not be associated 
with this pulse irregularity, and we have observed such patients These 
exceptions can be accounted for by the fact that the quantity of fluid 
in these cases is not sufficient to raise the pressui e within the sac to an 
effective level Thus, under the conditions of a diseased and dilated 
sac, a surprising amount of fluid may be piesent without producing a 
pulse variation The critical factor, we believe, is the degree of 
increased mtrapencardial tension, which m turn is dependent on the 
thickness and distensibihty of the parietal pericardium The exact 
manner in which the pulsus paradoxus is produced under such circum- 
stances will be analyzed more completely in the report of our animal 
experiments 

The striking clinical contrast which these cases afford when com- 
pared with those of Group I has been repeatedly emphasized in our 
case reports In few cases of pericarditis did we find the evidence of 
a marked increase in pleural pressure variations such as was exhibited 
m the pathologic respiratory conditions To find a person with no 
apparent respiiatory discomfort exhibiting a definite respiratory waxing 
and waning of the pulse is in our experience strongly indicative of 
pericardial effusion 

Summary and Conclusions 

1 Opportunity was afforded during the routine examination of a 
considerable number of patients to observe many instances of a respira- 
tory variation m pulse amplitude The frequency with which it was 
encountered m certain clinical conditions stimulated an attempt to 
evaluate its diagnostic importance 

2 In this report we have offered a definition of pulsus paradoxus 
which restricts the phenomenon to a •'imple respiratory waxing and 
waning of the pulse found under ordinary clinical circumstances Cases 
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exhibiting the pulsus paradoxus are classified under two groups, the 
one associated with abnoimal conditions o£ the respiratory system, and 
the other with pathologic afi:ections of the pericardium 

3 The suggestion is made, chiefly on the basis of experimental work 
gnen in the following paper, however, that the pulsus paradoxus asso- 
ciated with abnormal conditions of the respiratory tract is primarily 
caused by modifications of the intrapleural pressure variation A clin- 
ical estimate of abnoimal vaiiations in intrapleural pressure may be 
obtained by analysis of the mechanism of breathing 

4 Pulsus paiadoxus was found in cases of mediastinopericarditis 
with thoracic adhesions 

5 Clinical studies proved conclusively that effusion into the peri- 
cardial sac IS directly responsible for a striking manifestation of the 
paradoxical pulse as evidenced by the disappearance of the pulse phe- 
nomenon after tapping the sac The essential factor required to produce 
this phenomenon appears to be the increase in intrapericardial tension 

6 The unusual featuie of pulsus paradoxus associated with pericar- 
dial effusion IS its singular occurrence in patients presenting no clinical 
evidence of respirator} discomfort 

7 We therefore conclude that a pulsus paradoxus unaccompanied 
by exaggeiated respirator}^ efforts may be regaided as a diagnostic sign 
of pericardial effusion 



OBSERVATIONS ON PULSUS PARADOXUS (WITH 
SPECIAL REFERENCE TO PERICARDIAL 
EFFUSIONS) 

II EXPERIMENTAL "" 

L N KATZ, MD, and H W GAUCHAT, MD 

CLEVELAND 

In the preceding report which deals with pulsus paradoxus 
as observed in the clinic, it was pointed out that this pulse is of some 
diagnostic value, provided it is properly interpreted Pulsus paradoxus 
was defined as a rhythmic pulse occurring in natural breathing which 
shows a waxing and waning in size during lespiration, evident on 
palpation in all the accessible arteries A classification of pulsus para- 
doxus was given, and emphasis was laid on its occurrence m large peri- 
cardial effusions In the course of the foregoing study, several ques- 
tions arose which could not be satisfactorily answered by the clinical 
data For instance, we were unable to determine which circulatory 
changes are responsible for the pulse phenomenon, and we were certain 
neither of the factors involved noi of how such alterations m circula- 
tion take place 

Experimental studies of pulsus paradoxus are conspicuously few 
In a careful leview of the literature, only three such attempts weie 
found In 1878, Riegel and Tuczek - obtained a waxing and waning 
of the pulse by experimentally obstructing the trachea Rosenbach,® 
m 1886, observed a variation in pulse size when he injected large quan- 
tities of oil into the pleural sac, and also when he inflated a balloon 
previously inserted into the pleural cavity Hoke,^^in 1912, repeated the 
experiments of Riegel and Tuczek and obtained similar results More- 
over, he noted a decrease m the pulse when he applied traction on the 
pericardium and also when he compressed the superior vena cava His 
deductions are open to criticism, because the evidence which he pre- 
sented IS incomplete 

In the present report we give the observations and conclusions 
obtained on reproducing this pulse phenomenon experimentally in nine- 
teen dogs A pulsus paradoxus was produced in various ways but 
always with the view of reduplicating the clinical conditions as much 
as practicable 

* From the Physiological Laboratory, Western Reserve University, School 
of Medicine 

1 Gauchat, H W , and Katz, L N Arch Int Med , this issue, p 350 

2 Riegel, F , and Tuczek, F Berl klin Wchnschr 15 739 and 771, 1878 

3 Rosenbach, O Arch f path Anat u Physiol 105 215, 1886 

4 Hoke, E Wien klin Wchnschr 25 998, 1912 
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1 EXPERIMENTAL OBSERVATIONS PERTAINING TO THE PULSUS 
PARADOXUS IN CHRONIC ADHESIVE MEDIASTINOPERICARDITIS 

Clinicopathologic studies have shown clearly that dense adhesions 
extending between the heart and the thoracic panetes are frequently 
associated with pulsus paradoxus ^ There has been some controversy, 
however, as to whether or not this pulse phenomenon occurs only when 
the adhesions are attached directly to the large blood vessels In fact, 
It IS not quite cleai whether or not kinking of the various vessels is 
equally effective The effect of adhesions as found in clinical cases 
was simulated experimentally by applying traction to the pericardium 
and by compressing the various vessels arising from the heart, namely, 
the ascending aorta, pulmonar}'^ artery, iiulmonary veins and the venae 
cavae The effect of these manipulations on the carotid pulse was 
obsen’-ed, particular attention being given to the time interval elapsing 
before the change in the pulse was apparent 



Fig 1 — Pulse recorder (one-third of actual size) The carotid artery dis- 
sected free and in situ is placed in the groove of the lower end of the rod {A), 
which is adjustable by means of two set screws (P) placed in bar (C) on either 
side of fulcrum (Z?) The lateral excursion of the artery is transmitted to the 
cup tambour (£) by means of an L-shaped aluminum bar (F) swinging on a 
knife edge fulcrum (G) The tension of the lever is adjusted by means of 
screw and spring (H, H') The cup tambour can be lowered or raised, its 
position being fixed by set screw (/) which is fastened into the supporting bar 
(/C) (7) IS the tubing which transmits the pressure changes in the tambour 

to an optical segment capsule 

Method — Foi this purpose, the animals were anesthetized with moi- 
phin and chloretone, and aitificial lespiiation was instituted, and the 
entire thoracic cage ojiened The various tractions and compressions 
were manually performed dining the apnea which followed slight over- 
ventilation of the animal 

Most of the lecords weie obtained optically, although the earlier 
ones were taken on a smoked drum The moment of mampulation was 
at first marked on the drum by one of us as signaled by the other In 
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order to make the results more accurate, an electric signal was used 
later The pulse was registered m several ways The smoked drum 
tracings were recorded by connecting a Hurthle manometer with the 
carotid artery The optical recoids were obtained with segment cap- 
sules eithei through the agency of a pulse recorder (Fig 1) constructed 
on the same principle as the model devised by Wiggers and Baker “ 
foi clinical records of the radial pulse or with the aid of an arterial 
plethysmogiaph similar to the one described by Van Zualuwenberg and 
Agnew ® 

Results — Obviously, manipulation of the aoita resulting m its paitial 
occlusion is always followed by an immediate change m the carotid 
pulse The alteration m pulse size which follows compression (or 
release of compression) of the pulmonary veins is not apparent at once 
but m the first or second heat after the manipulation As a rule, it was 
found that if the manipulation occurs during systole of the ventricle or 



Fig 2 (Exper 311-16) — Record of carotid pulse showing the effect of manip- 
ulating the right pulmonary veins Downward movement of base line m this 
and the following figures indicates the moment of compression, and the upward 
movement the moment of decompression These points are also indicated by 
arrows Pulse recorded by pleth^ smographic method Time in tenths of a second 

during eaily diastole, the effect is appaient m the next beat, as shown 
111 Figuie 2 Howevei, if the manipulation occtus late m diastole, the 
change is not noticed until the second beat, as illustrated m Figtiie 3 
The effect of pinching the ptilmonaiy aitery is also apparent m the 
systemic pulse aftei the first or second beat Afampulation of either 
of the venae cavae does not pioduce such an abrupt response, the pulse 
change not appearing until the third (as m Fig 4) or fourth beat fol- 
lowing the compression 

Intel p} ctafion — The time intervals between manipulation of the 
various vessels and the eftect on the caiotid pulse are summarized dia- 
grammatically m Figure 5 The decrease m the pulse following com- 


5 Wiggers, C J, and Baker, W R Am T Physiol 59 454, 1922 

6 Van Zwaluvv enberg, J C, and Agnew, J H Heart 3 343, 1912 
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pression of the pulmonaiy veins is obviously due to the fact that this 
compression immediately diminishes the supply of blood to the left 
side of the heart and indirectly the next ventiicular discharge This 
response to compression of the pulmonary veins is delayed until the 
second beat, when the manipulation occurs m the last part of the ven- 
tricular diastole because the ventricle at this time is already filled to 



Fig 3 (Exper 311-9) — Record of carotid pulse showing the effect of decom- 
pression of the pulmonary veins Pulse obtained by means of the pulse recorder 
shown in Figure 1 



Fig 4 (Exper 311-15) — Record of carotid pulse, obtained as in Figure 2, 
showing the effect of compressing the inferior vena cava 


capacity The longer delay which follows compression of the venae 
cavae is due to the added time interval required for the alteied blood flow 
to pass through the pulmonary circuit and reach the left side of the heart 

Ti action on the Pencaidmm — It was found that when sufficient 
traction is used on the pericardium, a change in the pulse size occurs 
in the first or second beat after the traction is applied The time at 
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which the change appears m the pulse suggests that the effect is pro- 
duced by kinking either the pulmonaiy vessels, the aorta or both — and 
not by partial obstruction of the venae cavae 

It IS noteworthy that this time interval is the same as that found in 
clinical cases of pulsus paradoxus associated with mediastmopericardial 
adhesions We are therefore justified in concluding that in such patients 
inspiration causes a kinking in the pulmonary vessels, the aorta or both 



Fig S — Diagram showing the time relation betwfeen compression of the 
various blood vessels and the appearance of the effect m the pulse (c), marks 
the beginning of the anacrotus, (c), the beginning of the catacrotus Blocks 
indicate time limits within which compression must occur in the respective vessels 
in order to produce a decrease in the size of the fifth pulse beat 
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Fig 6 (Exper 304 0, O') — Tracing showing the effect of manipulating the 
diaphragm on the carotid pulse during apnea, when the thorax was closed (A) 
and after bilateral pleural fistulae were made (A') The time at which the 
fistulae were made is indicated by the arrow 'The upper curve indicates the 
intrapleural pressure, downstroke, inspiration, lower curve, carotid pulse 
recorded with Hurthle manometer, p, corresponding points Time in tenths of 
a second In A, intrapleural pressure varied from -Uo mm of saline to — 10 
mm , m A the intrapleural pressure was 0 mm 

We do not infer by this that an inspiratory obstruction of the venae 
cavae does not occur, but that the effect of this on the pulse is probably 
always overshadowed by the more immediate effect of the inspiratory 
kinking of the other vessels Whether the change in pulse size in some 
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cases IS due to kinking of the aorta and in others to partial occlusion 
of the pulmonary vessels, or whether these two causes share equally m 
all cases, cannot be decided by studying the pulse Our observations 
do show, however, that the adhesions need not be attached to any 
particular vessel but may be fastened anywhere between the cardiac 
structures and the thoracic parietes and still be capable of pioducing a 
pulsus paradoxus 

II EXPERIMENTAL OBSERVATIONS PERTAINING TO THE PULSUS 
PARADOXUS IN EXAGGERATED BREATHING 

Climcal investigation has shown conclusively that exaggeration of 
the depth of breathing is a common cause of pulsus paradoxus , ^ and 
the pulse phenomenon in this condition has been commonly attributed to 
an increased variation of intrapleural pressure (Baumler,^ Reichmann,® 
Semerau,® Wenckebach However, a few wnters have taken excep- 
tion to this Gaisbock,^^ for instance, thought it was a nervous phe- 
nomenon, and Rosenbach ® believed that it was due to a kinking of 
the inferior vena cava by the inspiratory contraction of the diaphragm 
In the present report, the various factors in respiration which are 
known to exert an influence on the circulation were therefore consid- 
ered individually in order to ascertain which of them is primarily 
responsible for the pulsus paradoxus 

After determining what we believe to be the chief respiratory factor, 
the next problem was to decide the mannei in Avhich it acts on the cir- 
culation In the past, the paiadoxical pulse has been ascribed to 
alterations in the capacity and resistance of the intrapulmonary vessels 
(Hoke^), to modifications of the venous flow into the chest (Schrei- 
ber ^-), to changes m the capacity of the aorta and intrathoracic arteries 
(Reichmann ® ), and to variations in the venous return to the left side 
of the heart (Baumler '^) An accurate study of the time factor, that is, 
the relation of pulse changes to the respiratory cycle, will eliminate most 
of these In the preceding section, it was pointed out that the time 
interval between manipulation of the large blood vessels and the effect 
on the pulse is different in the various vessels concerned, but charac- 
teristic for each The place in the circulation at which the changes 
primarily responsible for the paiadoxical pulse occur can therefore be 
determined by noting with which of these time relationships the pulse 
phenomenon coincides 

7 Baumler, C Deutsch Arch f kim Med 14 455, 1874 

8 Reichmann, E Ztschr f klin Med 53 112, 1904 

9 Semerau, M Deutsch Arch f klin Med 115 608, 1914 

10 Wenckebach, K F Ztschr f klin Med 71 402, 1910 

11 Gaisbock, F Deutsch Arch f klm Med 110 506, 1913 

12 Schreiber, J Arch f exper Path u Pharmacol 12 168, 1880 
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Method — Natural respiration and the closed chest was used in most 
instances The depth of respiration was inci eased by asphyxiating 
the animal, by producing a partial pneumothorax or, in most cases, 
by partial tracheal obstruction The hyperpneic stage of Cheyne-Stokes 
respiration, which fortunately developed spontaneously in several ani- 
mals, was also available The pulse was recorded as before Records 
of respiration were obtained, except in a few cases, by means of a 
pleural cannula, which was connected by a T-tube both to a tambour 
writing on a smoked drum (or to a segment capsule in the optical trac- 
ings) and to a U-tube saline manometer Direct leadings of the latter 
were obtained before the tracing was inscribed, m this way giving the 
actual values of the intrapleural piessure The tube leading to the 
manometer was closed when a record was taken m order to avoid dis- 
tortion of the respiratory curve 

Relation of Changes in Sise of Pulse to Depth of Respnation — As 
a rule, no pulse inequality was apparent undei control conditions In 
some dogs, however, slight variations m pulse size occurred even with 
natural unexaggerated breathing, particularly m those animals which 
were severely traumatized or had been under deep anesthesia for some 
time In all cases increasing the depth of breathing augmented these 
variations or induced a waxing and waning m the pulse when none had 
been present before (Figs 7 A and B and 8) In general, the amount 
of variation m pulse size was proportional to the depth of breathing, 
provided other conditions remained unchanged As a rule, the more 
deficient the circulation the less the extent of intrapleural pressure 
variation necessary to produce a pulsus paradoxus, confirming our 
clinical observations 

The Respiratoiy Factor Responsible for the Changes in Pulse Ampli- 
tude — 1 Intra- Abdominal Pressure Elimination of intra-abdominal 
pressure variations by opening the abdomen was not sufficient to prevent 
the occurrence of a pulsus paradoxus For example, in the first half of 
Figure 7 C, the paradoxical pulse was produced by the hyperpnea result- 
ing from partial pneumothorax The fact that the abdomen had been 
previously widely opened in this animal did not prevent the appearance 
of the pulse phenomenon 

The unimportance of intra-abdominal pressure was further demon- 
strated by comparing the effect of abdominal and thoracic breathing on 
the pulse Abdominal breathing was favored by restricting manually 
the expansion of the chest, and thoracic breathing by restricting the 

13 In addition to the change in pulse amplitude, the pressure records show 
a fluctuation of the diastolic pressure (base line), the extent of which parallels 
the degree of variation in pulse size Wiggers’ tracings obtained from the pul- 
monary artery show somewhat similar changes (Wiggers, C J Am T 
Physiol 30 233, 1912) 



378 ARCHIVES OF INTERNAL MEDICINE 

abdominal movements In these experiments, it was found that neither 
type of breathing produced any changes in pulse size except when the 
depth of breathing was increased , and in the latter case, the pulse change 
occurred regardless of which type of respiration was increased 
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Fig 7 — Segment A, E\per 304 G The first portion of tracing shows the 
effect of tracheal obstruction on the carotid pulse, the last portion is a control 
after release of obstruction The upper tracing indicates intrapleural pressure, 
upstroke, inspiration, downstroke, expiration The lower curve indicates the 
carotid pulse recorded as m Figure 6 Tune in tenths of a second P, com- 
parable points, a, beginning of inspiration, b, beginning of expiration, other 
lettering explained in text 

Segment B, Exper 302 F and G The last portion of the tracing shows the 
effect of tracheal obstruction on the carotid pulse, the first portion is a control, 
upper curve, carotid pulse, lower curve, intrapleural pressure Lettering as 
in segment A 

Segment C, Exper 304 P, P' The first portion of the tracing shows the 
effect of an induced partial pneumothorax on the carotid pulse in an animal 
with an open abdomen and closed thorax whose pericardium contained 90 cc 
of oil under 30 mm of positive pressure Intrapleural pressure varied from 

80 mm saline to — 40 mm at the time that the first portion of the curve 

was obtained The second portion was taken after bilateral pleural fistulae were 
made , intrapleural pressure, 0 mm The arrow indicates the point at which the 
holes were cut in diaphragm Upper and lower curves as in segment A 
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2 Diaphragm Our findings m regard to the diaphragm are shown 
by the following t}'pical experiments Expeiiment 304 0, 0' (Fig 6) 
was performed on an animal with the thorax intact but with opened 
abdomen During a period of apnea which followed slight overventila- 
tion, the central tendon of the diaphragm was grasped on its under sur- 
face and its position rhythmically changed, simulating in this way its 
normal respiratory excursion A slight variation in pulse size resulted 
as shown by the pulse curve in tracing (A), but it was associated with 
a slight variation in intiapleural pressure (upper tracing) The excur- 
sion of the diaphragm, however, failed to produce any variation in 
pulse size (A') after the pleural pressure variations were eliminated by 
bilateral pleural fistulae 
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Fig 8 (Exper 309-4, 7) — Optical record showing the effect of partial tracheal 
obstruction on the carotid pulse A indicates control , B, partial tracheal obstruc- 
tion, upper curve, intrapleural pressure, downstroke, inspiration, lower curve 
carotid pulse obtained with pulse recorder shown in Figure 1 Time is shown 
in tenths of a second Lettering as in preceding figure In A, the intrapleural 
pressure varied from — 16 to — 56 mm of saline and in B from — 10 to — 160 mm 

Experiment 303, A, was performed on an animal m whose thorax 
windows 4 inches (10 cm ) in diameter were made in order to elim- 
inate intrapleural pressure variations as well as changes m lung volume 
Violent movements of the diaphragm occurred in this animal as a result 
of asphyxia, and yet no change m pulse amplitude appeared in the 
tracing 

Experiments, of which these are typical examples, indicate that, 
contrary to fhe opinion of Rosenbach,® the diaphragm is not the essen- 
tial factor responsible for the pulsus paradoxus 
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3 Lung Volume The effects of changes in lung volume on the 
circulation which have been extensively studied by Cloetta leave no 
doubt that the resistance and capacity of the intrapulmonic vessels vary 
during respiration (Wigger “) The present investigation is concerned 
with the effect of these changes on the peripheral pulse 

Moderate artificial respiration was found to produce a variation in 
pulse amplitude in ammals when the chest was closed, but none when 
the thorax was open For example/ in experiment 307, B and C, mild 
artificial respiration produced some variation in the size of the pulse 
when the thorax was closed This was eliminated when the ribs were 
resected In Experiment 303, B and C, the pulse was uniform in size 
when mild aitificial respiration was instituted in the presence of open, 
bilateral pleural fistulae, but when the fistulae were closed a respiratory 
variation in pulse size appeared Experiments such as these demon- 
strate that a moderate variation in lung volume per se does not affect 
the systemic pulse 

4 Intrapleural Pressure Thus, by a process of elimination, ive are 
left with intrapleural pressure as the respiratory factor which produces 
the pulse phenomenon A consideration of the foregoing presentation 
shows that elimination of the respiratory variation in intrapleural pres- 
sure was always followed by the disappearance of any previously exist- 
ing variation in pulse amplitude Another example of this is shown in 
Figure 7 C A pulsus paradoxus was produced in a naturally breathing 
animal by inducing a partially closed pneumothorax (first part of Fig 
7 C) At the point indicated by the arrow, two large holes were made 
m the diaphragm This procedure eliminated the intrapleural pressure 
fluctuations (upper tracing) and at the same time the inequality of the 
pulse (lower curve), and yet, while the record was taken, the animal 
breathed as before 

We therefore conclude that the respiratory factor primarily responsi- 
ble for the pulsus paradoxus in exaggerated breathing is the fluctuation 
of intrapleural pressure 

Time Relation of the Change in Pulse Size to the Respnatory 
Phases — The changes in the pulse are illustrated in Figure 7 A, 
which was obtained in a dog during marked tracheal obstruction The 
results in this experiment are typical of those found throughout, 
although more marked than usual This figure, as well as Figures 7 B 
and 8, shows that the changes in diastolic pressure (base line of pulse 

13 Wiggers, C I Physiol Rev 1 239, 1921 

14 Large variations in lung volume, as is generally recognized, produce 
changes in the size of the pulse in open chested animals For example, m 
Experiment 307, F, in which the lung volume during inflation was about twice 
that during deflation, a noticeable variation in pulse size was observed Such 
extreme changes in lung volume probably never occur clinically or in animals 
with closed chests 
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curve) coincide with the onset of changes in intrapleural pressure and 
are in the same direction and roughh proportional This exact coina- 
dence of the changes of diastolic piessure with the phases of respiration 
indicates that these changes are due to an effect on the aorta and intra- 
thoracic arteries, in that manipulation of the ascending aorta gave a like 
relationship (note Fig 5) The sudden increase in intrapleural pressure 
during expiration causes a rapid expulsion of blood from the chest and 
therefoie a comadent sharp use of diastolic pressure When tlie effect 
of expiration is synchionous uith the upstroke of the pulse, a larger 
pulse wave results, for example, .r-y m Figure 7 A This larger pulse 
has often been eironeously interpreted as an increased systolic dis- 
charge of the heart, the lespiratoi}’^ factor being overlooked A similar 
effect on the pulse can be readily produced by coughing, and such rec- 
ords V ere obtained b) us on several occasions 

With regard to pulse size with which we are primarily concerned, 
the change does not coincide with the beginning of the phase of respira- 
tion but occurs either in the fiist or second beat after its onset Thus, 
when the beginning of expiration comes early in diastole, as in Figure 8, 
and m the third, fifth, sixth and seventh expiration in Figure 7 Aj 
the next beat is largei When the onset of expiration comes late in 
the diastole or at the onset of the systole, as in the first, fourth and 
ninth expirations in Figure 7 A, the increase m pulse beat is not apparent 
until the second beat Finally, when expiiation begins with ventriculai 
ejection, the resulting beat is larger, owing to a summation of ven- 
tricular ejection and the effect of the sudden expiration on the aortic 
capacit}’, as pointed out above Anal} sis of the curves presented will 
show a like time relationship at the beginning of inspiration Expira- 
tion vas selected in the foregoing discussion only because it brings out 
the changes in a striking mannei 

The Significance of the Temporal Relationship — The time relation 
found m exaggerated breathing coincides with that found on manipu- 
lating the pulmonar}'^ \ems (as will be seen on comparing the observa- 
tions outlined above with tlie diagram. Fig 5), indicating that the 
variation m pulse amplitude m this condition is due directly to a modifi- 
cation of the venous return to the left ventricle 

Furtlier confirmation of this interpretation is given by tlie fact that 
a similar relationship between pulse and respiration was found in this 
series, legardless of the number of beats per respiratoiy cycle In fact, 
a similar relationship v as found in our clinical cases, in n Inch an even 
wider range of respiratory and pulse rates was obtained Furthermore, 
m clinical cases (and animal experiments) in which Cheyne-Stokes 
respiration appeared, the first inspiration coming after an apneic period 
was associated with a decrease in pulse size, which began in the beat 
following the inspiration 
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The last observation excludes the possibility of the pulsus paradoxus 
being due to a delayed effect of alterations in venous flow to the thorax 
as has been argued by some, because such a hypothesis would not explain 
the immediate decrease in the pulse following inspiration after a long 
period of apnea The fact that the changes in pulse size do not 
coincide with the variations in diastolic pressure suggests that the 
changes in the pulse amplitude are not due to vanations in the capacity 
of the aorta 

The changes in venous flow to the left ventricle can best be attrib- 
uted, we believe, to an alteration in the capacity of the pulmonary veins 
A change in the pressure around a tube which is open at both ends 
causes not only a like change in the pressure within, but also an opposite 
change in the caliber of the vessel These changes are not proportional, 
however, but their extent depends on the character of the vessel wall 
Dunng respiration one would therefore expect a variation in the size 
of the pulmonary vessels, particularly the veins This was found to be 
true by de Jager,^® who demonstrated a decrease in the capacity of the 
pulmonaiy vessels during expiration and an increase during inspiration, 
the changes being much greater in the pulmonary veins than in the pul- 
monary arteries As the pulmonary veins increase in size during inspira- 
tion, pait of the blood passing through them is retained to fill the 
widened channels, and less reaches the left side of the heart During 
expiration the pulmonary veins decrease in size and the blood that had 
been, so to speak, stored in them during inspiration now augments 
the venous flow to the heart Respiration always has this effect, but 
it IS only when it is greatly accentuated that enough alteration in the 
ventricular filling and discharge is obtained to cause a pulsus paradoxus 

According to this conception, the amount of change in intrapleural 
pressure is important, but much more important is the velocity with 
which the pressure varies It is apparent that the amount of blood 
delivered to the left side of the heait during apnea is equal to the 
amount entering the pulmonary veins from the pulmonary capillaries 
A discrepancy occurs only when the vessels are changing in caliber, 
and the degree of discrepancy will obviously depend on the rapidity of 
the alteration in the size of the vessels or, in other words, on the velocity 
with which the intrapleural pressure is modified This dependence of 
the changes in pulse size on the velocity of respiration has actually 
been found in our clinical cases, and an analysis of the animal experi- 

15 The relationship found in Cheyne-Stokes bieathing can be demonstrated 
readily by having a person hold his breath with the chest in midposition as long 
as possible and noting the pulse when he first inspires It will be found that 
the pulse decreases in the beat that follows the beginning of inspiration 

16 De Jager, S Arch f d ges Phj'siol 20 426, 1879 
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ments showed it to be true here also — as will be seen when one com- 
pares the effect of inspiration and expiration in Figure 7 A and 8 from 
this point of view 

The explanation suggested above seems to us to be the most logical 
account for the facts observed None of the others which we have 
considered in the course of this study fit the facts so well 

III EXPERIMENTAL OBSERVATIONS PERTAINING TO THE PULSUS 
PARADOXUS IN PERICARDIAL EFFUSIONS 

The pulsus paradoxus as observed in clinical cases with pericardial 
effusions was discussed in the preceding paper’- A feature of the 
paradoxical pulse under these circumstances was the fact that it was 
not accompanied by any extraordinary efforts of breathing It seemed 
rather remarkable that patients with ordinary tranquil respiration should 
show such a respiratory variation in the size of the pulse Conse- 
quently, it was apparent that some factor other than an increased 
intrapleural pressure variation was the cause of the pulse phenomenon 
Pericardial effusions were accordingly reproduced in animals in cider 
to determine the nature of this factor 

Pericardial effusions have been used to study the circulation in a 
variety of ways by a number of observers Cannon and Cattell,^’’ for 
instance, used it in their researches on shock Hoke ^ observed a varia- 
tion in the size of the pulse when fluid was injected into the pericardium 
of a rabbit Starling,’® on injecting oil into the pencardium, found 
among other things that the arterial pressure fell and the venous pres- 
sure rose Lewis,’® using small cats, noted that a slight rise in pen 
cardial pressure caused a disproportionate fall in arterial pressure 
Although the methods used by these investigators were satisfactory 
for their purposes, they did not faithfully reproduce all the conditions 
found in clinical cases of pericardial effusion 

Method — A technic was developed by which an infusion could be 
produced m a naturally breathing animal with closed chest Dogs were 
anesthetized as before , a pleural cannula was inserted into the pleural sac, 
and the inspiratory and expiratory pressures were noted in the manner 
already indicated Tracheotomy was then performed and artificial 
respiration instituted A 4-inch (10 cm ) vertical incision was made over 
the lower part of the left side of the chest in the parasternal line and the 
ribs exposed Two or three ribs were then resected for a distance of 3 
inches (7 5 cm ) and the parietal pleura incised A window was thus 
made into the pleural cavity The parietal pericardium near the cardiac 

17 Cannon, W B, and Cattell, McK Experimental Traumatic Shock, 
Critical Level in a Falling Blood Pressure, Arch Surg 4 300 (March) 1922 

18 Starling, E H Lancet 1 652, 1897 

19 Le^\ls, T J Phjsiol 37 233, 1908 
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apex which appeared medial to the opening was next grasped with 
several hemostats and bi ought out through the window A half inch 
( 1 25 cm ) incision was now made in the pericardium and a loose silk 
purse-string suture lun aiound the opening Into this the flanged end 
of a specially constructed brass cannula was inserted, the purse-string 
suture was tightened and tied and the collar screwed down A non- 
leakable connection was made in this way, which was confirmed by a 
postmortem examination on ever}'^ preparation 

The cannula was connected to a manometer by means of rubber tub- 
ing After the pericardium was replaced, this tubing was brought out 
through the hole in the chest Enough tubing was left in the chest to 
permit unhampered movement of the heart The window in the chest 
was closed by stitching the ribs, muscle flaps and skin in place Several 
pieces of petrolatum soaked gauze were inserted between the vanous 
layers in order to make the closure air tight 

The lungs were markedly inflated so as to obliterate the pleural 
space and expel the air in it through the pleural cannula which was then 
connected to a tambour (or segment capsule) and manometer as 
described before The intrapleural pressure was again read after the 
artificial respiration was stopped and natural breathing resumed It 
was our experience that when the wound closure was air-tight the intra- 
pleural pressure readings were approximately the same as before the 
operation 

In the early experiments oil (bland paraffin) was injected into the 
pericardium by means of a T-tube inserted into the tube connecting 
the pericardium to the manometer In the later experiments, physiologic 
sodium chlorid solution was used The pericardial pressure was read in 
millimeters of oil or saline solution depending on which was utilized 
The difference in specific gravity between the two was not great enough 
to require correction, at least for our purposes , the lower viscosity of 
the saline solution permitted more accurate readings of the variations in 
pressure, however In some of the experiments the pericardial pressure 
was optically recorded with a fair degree of accuracy by connecting 
the top of the pericardial manometer to a segment capsule 

The pulse and respirations were recorded as before Venous pres- 
sures were read directly by means of saline manometers, which were 
connected to sounds inserted into the external jugular veins On the 
right side, the sound was inserted so that the opening in it was within 
the pericardium, that is, in the right auricle The sound in the left 
innominate vein was placed just within the thorax, so that its open end 
was without the pericardium The position of the sounds was of 
course confirmed at necropsy, and corrections were made for the zero 
level As will be pointed out later, we were interested in simultaneous 
readings of the two pressures, so a device was constructed to peimit this 
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A stop cock was inserted m each circuit and so arranged as to be 
operated by a single lever Thus, when a reading was desiied at the 
end of inspiration (oi expiration) it was obtained by turning the lever 
at the proper moment, thereby interrupting both circuits at the same 
time 

Effect of Expeumental Peitcaidml Infusion on the Pulse — ^The 
first effect noted on injecting fluid into the pericardium was a decrease 
m the size of the pulse and a fall in the blood pressure — ^mean, systolic 
and diastolic (Fig 9) , but the most striking change was the appear- 
ance of a pulsus paradoxus The injection of fluid caused a waxing 
and waning m the pulse or markedly accentuated one already present 
(Figs 9 and 10) The degree of these changes was found to be pro- 
portional to the piessure developed in the pericardial sac Sometimes 
the paradoxical pulse appeared as soon as fluid was injected, at other 
times, onl}' after a moderate degree of pressure was developed Fur- 
thermore, the degree of the pulse variation increased as the sac was 





Fig 9 (Exper 306 C, C" ') — Slow smoked drum tracing showing the effect 
of pericardial infusion on tlie carotid pulse and intrapleural pressure Segment A, 
control, Segments B, C and D, various stages during infusion of oil Records 
obtained as in Figure 7 A 
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distended with fluid until the pulse became veiy small, when it became 
less conspicuous (Fig 9) 

Tune Relation of the Changes m Pulse Size to the Phases oj 
Respuation — A careful analysis of our records, t3^pical examples of 
which are shown m Figures 10 and 11 A and B, reveals a time relation- 
ship similar to that found in exaggerated breathing The change in 

20 In addition, there was less fluctuation in diastolic pressure as compared 
with the pulse in exaggerated breath (compare Figs 10 and 7 A) 
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pulse size always occurred m the first or second beat after the onset 
of the lespiratory phase, regardless of the fact that this series had a 
wide lange of respiratoiy and heart rates This time relationship 
indicates that the pulsus paradoxus in pericardial effusions is due 
directly to alterations in the venous return to the left heart in that it 
follows in the same period as the response to manipulation of the 
pulmonary A essels (note Fig 5) 

Nairn c of the Mechanism by Winch the Venous Flow to the Left 
Side of the Heait Is Altered — The mechanism producing the pulsus 
paradoxus in pericardial effusion resembles that in exaggerated breath- 
ing in that the pulse in this condition is also primarily due to the effect 
of intrapleural pressure variations, since it does not persist when the 
pleural pressure variations are eliminated The mechanisms differ, 
however, in that a pulsus paradoxus occurs in pericardial effusions even 
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Fig 10 (Exper 302 H, J, L and M) Smoked drum record showing the effect 
of pericardial infusion on the carotid pulse and intrapleural pressure Cun’es 
recorded as in preceding figure, a, beginning of inspiration, b, beginning of 
expiration Segment A, control, segments B to D, various stages dunng infusion 
of oil 
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when the depth of breathing is not exaggerated Reference to Figures 9 
and 10 will show this to be the case, as will the data presented on this 
point in Tables 1 and 3 It was our experience that ordinarily the 
depth of breathing (as indicated by the amount of variation in the intra- 
pleural pressure) was not increased by injection of fluid in the pericard- 
ium except when the circulation was so interfered with as to cause 
partial asphyxia An example of this is shown in the upper tracing lu 
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Table 1 — Effect of Pericardial Effusion on Piessuie in the Pleuial and 

Pericaidial Cavities 
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Figure 9, where it will be noted that the breathing is only increased in 
the last part of the tracing We can only conclude from these observa- 
tions that the presence of fluid in the pericardium introduces a factor 
which in some way amplifies the effects of intrapleural pressure This 
factor we found to be intimately associated with the intrapericardial 
pressure 

The Piesstiie m the Peucaidial Sac — We found that the elevation 
of intrapericardial pressure was not proportional to the amount of fluid 
injected If the amount of fluid in the pencardium was increased in an 
arithmetic progression, the pressure was found to increase more or less 
in a geometric progiession (note data given in Table 1 and legend 
beneath Figure 9) Although the pressure level in the pericardium 
increases as fluid is injected, that in the pleural sac remains practically 
unaltered because of the interposition of the parietal pericardium 
between these two spaces For example, in a marked case the pressure 
m the pericardium rose 300 mm, whereas that in the pleural cavity 
increased but 20 mm (note legend beneath Figure 9) 

In addition, a striking change was noted in the respiratory pressure 
variations in the pericardial sac Normally the intrapleuial pressure 
variations are transmitted into the pericardium However, when fluid 
IS injected the influence of the pleural pressure variation on the pen- 
cardial pressure is diminished These facts aie apparent on analyzing 
the data in Tables 1 (Columns 5 and 8) and 3 (Columns 8 and 14) A 
marked case may be cited The injection of oil into the pericardium of 
an animal caused in this instance an elevation of 100 mm in pericardial 
pressure and the appearance of a pulsus paradoxus It was found that 
while the intrapleural pressure showed a fluctuation of 130 mm , the 
pericardial pressure showed only a respiratory variation of 10 mm 

The findings in this connection were somewhat unexpected, and 
therefore an attempt was made to verify them in other ways Records 
of the pericardial pressure were obtained optically, simultaneously with 
the intrapleural pressure Although the records are slightly distorted, 
they are accurate enough to show definitely the decrease in the amount of 
pressure variation Thus, in Figure 12, which is an example of such 
a record, segment A is the control and B the curve when the sac was 
distended with saline solution The excursion of the pericardial pressure 
(upper curve) is greater than the excursion of the intrapleural pressure 
(lower curve) in segment A due to the more sensitive membrane used 
to record pericardial pressure It will be seen that the pericardial curve 
IS much smaller in B than in A, although the intrapleural curve is as 
large as before 

21 Although part of this difference might be attributed to the viscosity of the 
oil, this played but a minor role as like differences were obtained when saline 
solution was used 
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Fig 11 — Optical records obtained while pericardial sac was distended with 
saline solution, showing the time relation of the pulse changes as described in 
text The lower curve indicates the carotid pulse obtained with the plethys- 
mograph, upper curve, intrapleural pressure 

Segment A, Exper 315-4 Vagi intact, 90 cc of oil m pericardium, pressure 
in pericardium varied 9 mm (from -f- 134 to -f 125 mm of saline) , intrapleural 
pressure varied 20 mm (from — ^20 mm to — 40 mm of saline) 

Segment B, Exper 316-1 Both vagi sectioned , 100 c c of saline in peri- 
cardium, pericardial pressure not obtained, intrapleural pressure varied 50 mm 
(from 0 to — 50 mm of saline) 



Fig 12 (Exper 315-10, 15) — Simultaneous optical records of intrapleural 
and pericardial pressures A, control, no saline in pericardium , B, 70 cc of 
saline m pericardium Time in tenths of a second 
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As a further check, observations were also made on the excised 
pericardial sac where conditions could be more readily conti oiled The 
pericardium was dissected out with the pericardial cannula m place 
The various vessels were tied as they emerged from the pencardium 
except the inferior vena cava and one of the pulmonary veins The 
heart was distended by injecting saline solution through the latter 
vessels, after which they were tied The preparation was then placed 
in a glass jai which could be sealed air tight The cover of this jar 
had two holes, through one of which the tubing from the pericardial 
fistula Avas brought out and connected as in the living animal experi 
ments The other hole which communicated with the inside of the jar 
was connected to a manometer A side tube was inserted in this con- 
nection, and through it the pressure in the jar was altered The eftect 
of changing the pressure in the jar on the pressure within the pericardial 
sac was observed both when the sac was undistended and also when it 
was distended with fluid 

The results, illustrated by a single experiment analyzed m Table 2, 
show that under normal conditions the changing pressures around the 
pericardial sac are transmitted without loss to the interior However, 
when the sac is distended with fluid, the mtrapericardial pressure 
changes are only from one-fourth to one-half as great as those on the 
outside This is undoubted!)’- due to the relative inelasticity of the 
pericardium (Barnard -") and the fact that it rapidly reaches the limit 
of its elasticity as more and more fluid is forced into it Under such 
conditions, comparatively slight pressure variations — either such as 
occur during inspiration and expiration within the chest, or even such 
as were mechanically produced in our “jar preparation” — are unable to 
stretch or compress the rigid pericardium further Physiologically, the 
pericardial contents become virtually extrathoracic 

Interpi etation of the Pulsus Paiadoxus Pencaidml Effusion — 
With these facts established, it is possible for the first time to formulate 
a hypothesis which logically explains the paradoxical pulse in peri- 
cardial effusion Normally, the variations of intrapleural pressure dur- 
ing expiration and inspiration are transmitted without loss through the 
pericardium to the chambers of the heart Consequently, the fall of 
intrathoracic pressure produced during inspiration affects the pressures 
within the auricles and ventricles about as much as the pressure m the 
entering extrapencardial veins It follows that the effective difference 
in pressure between the veins and the heart is at least not greatly altered 
by the act of inspiration, and the systolic discharge is practically 
unaffected by this factor 


22 Barnard, H L Lancet 1 1080, 1899 
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When, on the othei hand, the limit of distensibihty is more nearly 
approached by the pressure of fluid within the sac, the respiratory 
variations of intrathoracic pressure cannot affect intiacardiac pressures 
as much as those in the entei mg veins For example, inspiration will 
cause a smaller piessuie fall within the auiicle than within the entering 
veins, making the piessuie gradient between these two points less in 
inspiiation than during expiration This must necessarily result in a 
reduced filling of the heart and a reduced discharge of those beats 
which come during inspiration, thus explaining the production of a 
paradoxical pulse even though a normal depth of bieathing is main- 
tained In Figure 13, an attempt is made to express this conception 
graphically Of course, only the trend of the pressure changes can be 
shown If the shaded aiea represents the gradient of pressure between 



Fig 13 — Diagram showing variations of venous pressure gradient (differential 
pressure) during respiration when pericardial sac is distended with fluid 

veins and auricle at different moments of the respiratoiy cycle, and it 
IS recalled that the pressure difference determines ventricular filling 
and discharge as well as pulse amplitude, it should be clear how the 
waxing and waning of the pulse can be produced by pericardial effusion 
Expenmental Proof of the Validity of This Hypothesis — ^While 
this hypothesis adequately explains the production of the paradoxical 
pulse in accord with experimental facts, it would go far toward greater 
surety if it could be shown that such pressure differences as aie postu- 
lated by this conception actually obtained m the pulmonary veins and 
left side of the heart Experimentally, this is far more difficult and 
probably no more decisive than similar observations on pressures m the 
right side of the heart and its entering veins A study of the pressures 
in the superior vena cava and auricle was therefore made in naturally 
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breathing animals Two sounds were inserted into the jugular veins 
so that their ends rested in the right auricle and entering veins as con- 
firmed by postmortem examination These were connected to U-shaped 
saline manometers on which accuiate readings could be made Provision 
was also made for flooding the cannulae periodically and so keeping 
them free from clots 

Two successful experiments weie earned out The results of one of 
these are tabulated m Table 3 The data shoA\r (1) that the intro- 
duction of fluid into the pericaidial sac elevates the average pressures 
both in the right auiicle and entering veins, and (2) that the respiratory 
variations of intra-auricular pressure deci ease while the pressure varia- 
tions in the entering veins remain unaltered In other words, the 
pressure difference between the auricle and the entering veins becomes 
less during inspiration than during expiration 

For example, normally the venous pressure decreased from 6 to 
7 mm during inspiration, while intra-auricular pressure decreased from 
5 to 6 mm After injecting 60 c c of saline solution into the pericardial 
sac, the pressure vanations in both vein and auricle were 4 mm After 
introducing 120 c c of saline solution, the venous pressure decreased 
from 4 to 5 mm during inspiration, while intra-auncular pressure fell 
only 2 mm At this time a distinct paradoxical pulse could be palpated 
and recorded 

SUMMARY 

The results of animal experiments earned out in order to elucidate 
the causes of pulsus paradoxus as found in clinical cases may be sum- 
marized as follows 

1 Mechanical compression of the aorta produces an immediate 
effect on the pulse amplitude, compression of the pulmonary veins 
causes a decrease within one or two beats, compression of the venae 
cavae, however, causes no effect on pulse amplitude for three or four 
beats These time relations are of paramount importance in locating 
the influence that is responsible for a similar reduction in pulse ampli- 
tude during inspiration 

2 Traction exerted anywhere on the pericardial structures may 
produce a pulsus paradoxus, the presence and degree of which depend 
on the tension exerted rather than on the location of the “adhesions 
Time relations show that such a pulsus paradoxus is always the direct 
or indirect result of partial occlusion of the pulmonary vessels, the 
aorta, or both, and never due to compression of the venae cavae 

3 Augmented breathing experimentally produced in a variety of 
ways causes a waxing and waning of the pulse during expiration and 
inspiration Details of experiments are given showing that this is 
due to increased variations in intrapleural pressure and not to traction 
effects The greater the depth and velocity of these pressure changes. 
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the greater the effect on the pulse Time relations show that the effect 
IS exerted on the volume flow into the left side of the heart, and this 
we interpret as being due to the changing capacity of the pulmonary 
veins 

4 In artificial pericardial effusions experimentally produced, a 
pulsus paradoxus appears without change in the depth of breathing, 
thus simulating the clinical condition Experiments are detailed show- 
ing that the pulse aiuplitude is decreased m the first or second beat 
after the onset of inspiration This eliminates the possibilities that the 
pulsus paradoxus is directly due to an effect of inspiration on the volume 
of either the aorta or venae cavae, and shows that it is occasioned by 
the effect of variations in intrapleural pressure on the volume flow to 
the left side of the heart 

5 The facts established by experiments, notably (a) that intra- 
pencardial pressure vanes less during respiration when the sac is 
distended with fluid than it does normally, and (&) that with a dis- 
tended sac intra-auricular pressure changes less during each respira- 
tory cycle than the pressure in the entering veins, favor the following 
explanation of the paradoxical pulse during pericardial effusion 

With the pericardium distended with fluid, not only is the flow of 
blood into the heart impeded, but the inflow also varies during inspira- 
tion and expiration, owing to the fact that the respiratory variations 
of intrathoracic pressure do not affect the mtrapericardial and intra- 
cardiac pressures as much as those in the entering veins This causes 
a smaller difference of pressure between the veins and heart during 
inspiration and allows less filling of each ventricle Consequently, a 
paradoxical pulse probably appears in both the pulmonary and systemic 
circuits, but obviously the arterial pulsus paradoxus is due to the 
impaired inflow into the left ventricle 



THE ORIGIN OF URINARY AMMONIA- 

SECOND PAPER 
I M RABINOWITCH, MD 

MONTREAL 

Of the enormous amount of woik done concerning the concentration 
of ionized hydrogen m the body fluids, much is of more than abstract 
interest from the clinical point of view The recognized fact that even 
m disease the true reaction of the blood vanes within narrow limits 
has led to much study of the possible factors controlling this phenome- 
non It IS from work on this phase of the subject that observations 
primarily of interest to the physical chemist only have now become 
of interest and importance to the clinician 

In this communication, we are concerned only with the part that the 
kidneys play in the regulation of the body neutrality The literature 
IS enormous, and recently ^ excellent reviews have appeared on the 
subject Experimentally, an acidosis may be produced m man by 
proper changes m diet, such as restriction of carbohydrates or salts 
Even under normal conditions of diet there is always a tendency 
toward the production of an acidosis Thus, in the normal food of 
man, the acid radicals present are in excess of the basic ones Aad 
formation is therefore in excess of base formation This excess of acid 
radicals is eliminated by the lungs and the kidneys The value of the 
study of the urinary acidity and the factois which modify it are thus 
apparent The reaction of the blood varies within narrow limits, even 
in disease, and is nearly always alkaline {pu 7 4) The reaction of the 
urine has a wider limit of variation and is nearly always acid In 
normal persons ^ the urine may be as much as 400 or more times as acid 
(pH 4 82) as the blood {pn 7 45) or may be just slightly more alka- 
line (pB. 7 46) Though this wide variation may be noted m individual 
studies, in a statistical sense, under general conditions of diet and 
activity, the average acidity is fairly constant, pH 6 03, or about 13 times 
more acid than blood In a thorough study of the factors which account 
for the wide fluctuations m the acidity of normal and pathologic mines, 
Henderson and Palmer ^ have shown that such fluctuations ai e charac- 

■^From the Department of Metabolism, Montreal General Hospital 

1 Van Slyke, D D The Carbon Dioxide Carriers of the Blood, Physiol 
Rev 1 141 (Jan ) 1921 Wilson, D W Neutrality Regulation in the Body, 
Physiol Rev 3 295 (July) 1923 

2 Henderson, L J , and Palmer, W W On the Intensity of Urinary 
Acidity in Normal and Pathological Conditions, J Biol Chem 13 393 1912-1913 
On the Several Factors of Acid Excretion, Ibid 17 305, 1914 On the Several 
Factors of Acid Excretion in Nephritis, Ibid 21 37, 1915 
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tenstic of a phosphate mixture containing phosphoric acid and base 
The base vanes from the amount necessary to form monobasic to that 
necessary to form dibasic phosphate A further study of the acidity 
and excretion of titratable acid and ammonia was made by the same 
authors in urines of normal and nephritic persons They observed 
an increase m the intensity of the acidity of the urine in nephritis 
accompanied by a diminished elimination of total acid (titratable acid 
plus ammonia) In cardiorenal disease the average acidity (pn 5 33) 
was over 100 times greater than that of the blood For the first time 
they recorded a condition of acidosis accompanied by a diminished 
excretion of ammonia Judging from the scanty literature on the sub- 
ject, the practical clinical significance of these impoitant observations 
appears to have been overlooked 

In 1921, Nash and Benedict^ reviewed the literature and made a 
fundamental obser\ation concerning the origin of urinary ammonia 
The findings of these authors renew interest in the study of the excre- 
tion of the titratable acid and ammonia in the urine Not only has the 
clinical value of this test become enhanced, but an additional interpre- 
tation is attached to the results Briefly, because of the low values 
accepted for the concentration of ammonia m the blood, it appeared 
difficult to explain the amounts of ammonia at times found in urine 
By calculating the amount of ammonia which could pass through the 
kidneys each day, it is found that a sufficient amount could not pass 
through to account for the amount found in the urine As a result 
of animal experimentation, these authors concluded that the urinary 
ammonia must be formed within the kidneys Further animal experi- 
ments by the same authors ^ seemed to substantiate tins view Studies 
made by Russel ® on advanced renal disease show low values for blood 
ammonia and lend support to the Nash and Benedict hypothesis The 
part that ammonia ma}'- play m the regulation of the reaction of body 
fluids IS readily appreciated from certain observations on the alkali 
binding capacity of phosphoric acid ^ At />h 4 8, a urine reaction, one 
molecule of phosphoric acid is combined with less than one molecule of 
base as acid sodium phosphate At a /)h 7 45, the reaction of the blood, 
one molecule of phosphoric acid is combined with about 1 8 molecules 
of base Thus m the excretion of one molecule of phosphoric acid, 
nearly one molecule of base may be retained within the body Another 
observation is that one molecule of ammonia lepresents the saving 

3 Nash, R P, Jr, and Benedict, S R The Ammonia Content of the 
Blood and Its Bearing on the Mechanism of Acid Neutralization m the Animal 
Organism, J Biol Chem 48 463, 1921 

4 Nash, T P , Jr , and Benedict, S R Note on the Ammonia Content o£ 
the Blood, J Biol Chem 51 183, 1922 

5 Russel, D S The Ammonia Content of the Blood in Nephritis Eiochem. 
17 72, 1923 



396 


ARCHIVES OF INTERNAL MEDICINE 


, of one molecule of base The importance of the observation that the 
kidneys are the site of ammonia thus becomes apparent In the pres- 
ence of a kidney lesion associated with a defective mechanism for the 
production of ammonia, the acids formed either in health or in disease 
in the absence of sufficient ammonia must call on the reserve bases of the 
body If the kidneys are the site of ammonia formation, the part 
played by them in the regulation of the reaction of the body fluids, as 
pointed out by Nash and Benedict, becomes clear An acidosis may be 
produced either when the rate of acid production is greater than the 
rate of ammonia formation, as may occur m diabetes, or even under 
conditions of a normal amount of acid production, if the kidneys have 
lost the function of ammonia formation, as in nephritis 

Since the publication of the experimental work of Nash and Bene- 
dict, observations on the blood and urinary ammonia in diabetic and 
nephritic patients have been made in this hospital, and the estimation 
of the titratable acid and ammonia in the urne of diabetic patients has 
been practically a daily routine m all cases The published data® in 
which the blood and urine ammonia values aie correlated give clinical 
confirmation to the experimental work 

A study of the data obtained on the titratable acid and ammonia, 
which IS recorded here, emphasizes the clinical importance of such 
determinations when considered from the point of view that the kidneys 
are the site of ammonia formation Observations were made in 1,422 
instances, including 112 cases of diabetes The data are recorded 
below The diabetic cases are divided into four groups, as follows 

Group 1 Cases with no nephritis (no albumin, no casts) and no 
ketosis 

Group 2 Cases with no nephritis but with ketosis 

Group 3 Cases with nephritis but no ketosis 

Group 4 Cases with nephritis Avith ketosis 

The other routine data concerning blood and mine sugar, etc, are 
omitted as they have no direct bearing on the present discussion The 
work done in which the clinical picture and the results of the various 
renal function tests are correlated with the amount of ammonia excreted 
form part of a separate communication The object in this article 
IS only to show, in a statistical sense, the effect of nephritis on the 
excretion of ammonia and also an observation which does not appear 
to have been hitherto recorded in diabetes — the quantitative relation 
between acid and ammonia production 

It need hardly be stated that all values were obtained from com- 
plete twenty-four hour specimens of urine, collected and preserved 

6 Rabmowitch, I M The Origin of Urinary Ammonia, Canad M A J , 
October 1923 
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(ice and toluene) under standard conditions for inetabolisiu work The 
acid was titrated to pn 8 5, using phenolphthalem as the indicator The 
data are recorded in the tables It will be noted that the same hospital 
number in some instances appears in two tables This was done with 
the object of separating the uiinary ammonia values in the four groups 
mentioned above, thus showing the effect of acid production on ammonia 
formation It is generally recognized that a glance at any table in 
which are recorded the values of the daily excretion of total acid 
(titratable acid plus ammonia) shows the difficulty under which one 
must observe the relation, if there be any, between the production of 
acids and the formation of ammonia It appears that since the reaction 
of the blood is fairly constant, the factors controlling the reaction must 

Table 1 — Unnaiy Ammonia in Normal Peisons and in Peisons with Nephiitis 


Normal 

Nephntic 

Case 

No of 

Ammonia, 

Case 

No of 

Ammonia, 

Case 

No of 

Ammonia, 

No 

Dotermi- 

Grams per 

No 

Detcrmi 

Grams per 

No 

Determi- 

Grams per 


nations 

Liter Add 


nations 

Liter Aeid 


nations 

Liter Acid 

1 

12 

0 91 

1 

n 

0 33 

23 

3 

080 

2 

7 

085 

2 


0 37 

24 

7 

0 86 

3 

5 


3 


0 43 

25 

2 

085 

i 

8 


4 


0 45 

26 

3 

085 

5 

8 


5 


0 55 

27 

7 

085 

6 

11 

0 80 

6 


0 57 

28 

5 

0 81 

7 

8 

106 

7 


0 60 

29 

5 

0 80 

8 

8 

1 13 

8 

9 

058 

80 

2 

086 

U 

6 

1 14 

9 


0 57 

31 

28 

088 

10 


0 97 



0 59 

32 

5 

0 91 

11 

5 

0 95 

11 


0 61 

S3 

9 

0 93 

12 

9 

101 

12 


064 

34 

11 

0 93 

18 



13 


0 65 

85 

7 

0 97 

14 

7 

104 

14 


0 61 

36 

3 

0 95 

15 

6 

108 

15 


0 68 

37 

5 

0 93 

16 

7 

0 89 

16 


0 69 

38 

5 

0 93 




17 


0 76 

39 

10 

150 

Average 

0 98 

l5 

11 

0 77 

40 

26 

103 




19 

2 

081 

41 

6 

101 





4 

0 81 

42 

3 

105 




21 

6 

0 82 

43 

9 

1 04 




22 

11 

084 

44 

7 

107 




Average 

0 78 


be operating constantly in the sense that if the kidneys make the 
ammonia and the ammonia is essential for the regulation of the body 
neutrality, there will be, in the absence of nephritis, a definite amount of 
ammonia formed per liter of total acid produced, regardless of the total 
quantity per day 

Data were collected to test this assumption For normal persons and 
nephritic persons Henderson’s and Palmer’s data were taken for the 
daily excretion of total acid and ammonia For diabetic patients, over 
100 unselected cases were taken in order that a real value could be 
attached to a statistical consideration of the results The statistics for 

7 Henderson, L J , and Palmer, W W J Biol Chem 17 305,1914, 21,37 

1915 
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Table 2 — Unnaiy Ammonm m Pei sons with Diabetes Melhtus with No 
Albuminuita and No Ketosis 


Hospitnl 

Number 

Number of 
Determina- 
tions 

Ammonia, 
Grams per 
Liter Acid 

Hospital 

Number 

Number of 
Determina 
tions 

Ammonia, 
Grams per 

1 Liter Acid 

2867 

3 

090 

3515 

2 

0 87 

4158 

2 

097 

2994 

1 

100 

6831 

7 

1 84 

977 

1 

1 0 95 

274 

6 

097 

844 

11 


6135 

8 

110 

E92 

6 


5913 

7 

106 

4126 

K 


6109 

7 

087 

2846 

8 


527 

, 1 

0 91 

: 1154 

3 

105 

818 

6 

107 

5529 

5 

101 

2783 

1 

120 

456 

7 



1 

098 

' 2202 

r 



3 

085 

2601 

6 


6155 i 

3 

110 

2673 

6 



3 

1 084 

1604 

1 1 


3593 

6 

1 101 

2682 

1 


2363 

6 1 

! 128 

3531 

1 3 i 


1438 

2 1 

078 

3283 1 

4 

■bbI 

Average 

096 


Table 3 — Urinary Ammonia in Persons with Diabetes Melhtus and Ketosis 

with No Albuminuiia 


Hospital 

Number 

Number of 
Determina- 
tions 

Ammonia, 
Grams per 
Liter Acid 

Hospital 

Number 

Number of 
Determina 
tions 

Ammonia, 
Grams per 
Liter Acid 

3593 


1 41 

818 

2 

0 79 

274 


1 32 

844 

4 

102 

1157 


104 

1481 

10 

107 

2867 


112 

3470 

9 

109 



1 06 

892 

8 

093 

527 


108 

2846 

2 

096 

5831 


1 38 

I 1164 

6 

101 

4691 


113 

2601 

15 

I 112 

4168 


105 

2092 

4 

073 

1438 


090 

2697 

15 

1 29 

4965 


1 29 

4487 

1 

1 26 

5157 


122 

1522 

7 

112 

6038 

4 

080 

1 6109 

9 

1 1/ 

6155 

13 

1 18 

3561 

6 

083 

807 

20 

113 

3593 

11 

1 39 

2783 

9 

1 13 

2864 

1 

107 

Average 

109 
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Table 4 — Unnmy Ammonia m Pet sons zvith Diabetes MelhUts zvith 
Albuminuiia but No Ketosis 


Hospital 1 
Number 

Number of 
Determina 
tions ! 

Ammonia, 
Grams per 
Liter Acid 

Hospital 

Number 

1 

Number of 
Determina- 
tions 

Ammonia, 
Grams per 
Littr Acid 

498 

7 

077 

5500 

7 

0 77 

1193 

5 

066 

5908 

9 

0 74 

1167 

8 

0 76 

1402 

10 

0 62 

121 ■! 

11 

C67 

783 

5 

086 

1489 

10 

0 84 

2951 

5 

055 

1749 

1 

0 74 

2968 

> 

0 90 

3352 

7 

0 84 

2602 

i ^ 

0 81 

479 

8 

0 77 

940 


0 55 

3844 

4 

0 73 

3501 

7 

0 76 

3889 

[ 1 

C »> 

2423 

4 

066 

67 

1 

0 69 

2917 

4 1 

0 77 

35? 

9 

068 

679 

10 

0 60 


1 

0 77 

2302 

4 

0 75 

1739 

2 

0 69 

5649 

1 

060 

1753 

8 

071 

3663 

7 

083 

-980 

i 2 

061 

2065 

5 

063 

2455 

15 

103 

1522 

4 

066 

23()5 

25 

084 

2284 

10 

0 77 

479 

6 

OSO 

1022 


1 09 

4102 

1 

094 

6136 

4 

1 00 

4172 

11 

0 93 

3006 

3 

0 74 

3076 

9 

085 

69(>1 

10 

0 61 

3614 

6 

1 105 

6397 ' 

1 4 

j 

104 

Average 

0 75 


Table 5 — Utinary Ammonia m Pet sons zvith Diabetes Melhtus zvith 


Albuminuria and Ketosis 


Hospital 

Number 

Number of 
Determina- 
tions 

Ammonia, 
Grams per 
Liter Acid 

Hospital 

Number 

Number of 
Determina- 
tions 

Ammonia, 
Grams per 
Liter Acid 

1022 

3 

114 

2951 

4 

066 

1193 

1 

0 59 


15 

0 93 

1213 

1 

058 


4 

072 

1167 

1 

0 74 


6 

0 71 

1489 

1 

089 

1207 

IS 

087 

6232 

13 

084 

4559 

6 

0 55 

479 

1 

0 82 

1200 

5 

0 67 

67 

6 

099 


6 

0 81 

2365 

4 

0 86 

2302 

5 

083 

1719 

11 

096 

6649 

14 

098 

1753 

1 

068 

2070 

3 

0 72 

498 

2 

096 

2284 

10 

081 

4102 

5 

090 

6397 

7 

1 05 


2 

0 51 


5 

088 

6136 

3 

066 

1837 

18 


8455 


089 


3 


3655 

32 

08S 


21 


2994 

7 

083 

6421 

15 

1 31 

2682 

13 

0 94 





084 


Average 

























400 


ARCHIVES OF INTERNAL MEDICINE 


normal persons represent 122 observations in sixteen subjects Those 
for nephritic persons repiesent 311 observations m forty-four subjects, 
and those for diabetic persons represent 989 observations in 112 subjects 
Excretion of urinary ammonia in terms of grams per liter of total acid 
(titratable acid plus ammonia) excreted is recorded Thus in recalcu- 
lating the values of Henderson and Palmer’s work the cubic centimeter 
of ammonia was multiplied by the common factor 0 0017, the value of 
1 c c tenth normal ammonia in grams 

RESULTS 

Table 1, m which the data of normal and nephritic persons are 
recorded, strikingly demonstrates that the production of ammonia per 
liter of acid excreted is greater in normal than in nephritic persons 
In noimal persons, the fonnation of ammonia is approximately 1 gm 
per liter of total acid, whereas in nephritic persons it may be much 
less Although diabetic persons can hardly be regarded as normal, 
from the point of view of the presence or absence of renal lesions, it 
will be noted m Table 2 that in diabetic patients with no renal lesions 
the response of ammonia formation to acid production closely approxi- 
mates the normal values found in Henderson and Palmer’s case, the 
averages being 0 98 and 0 96 gm of ammonia per liter, respectively 
In the case of diabetic patients with ketosis and no nephritis (Table 3), 
the response of ammonia formation differs little from that of diabetic 
patients without ketosis, the average being slightly increased, 1 09 gm 
per liter An observation made was that though the average for all 
values differs slightly in different persons, the different values found 
daily differ still less in the same person In Tables 4 and 5, in which 
are recorded the data of diabetic persons with renal lesions, the 
average values are lower than in diabetic persons without renal lesions 
It IS apparent that some individual averages will resemble those of 
normal persons, since it has been frequently demonstrated that anatomic 
and functional integrity are not synonymous terms so far as nephritis 
IS concerned In spite of these normal values in isolated cases, the 
average is lower than in normal persons An immediate clinical value 
may be attached to these data The general clinical experience is that 
diabetic persons with nephritis are more susceptible to an acidosis than 
those with no nephritis, assuming other conditions, obesity, etc , as 
being constant This m a great part is attributed to the vulnerability 
of the kidneys The value of the estimation of the titratable acid plus 
ammonia and the grams of ammonia per liter of acid thus becomes 
enhanced If the previously published data concerning the correlated 
values of blood and urine ammonia are considered, those recorded here 
further strengthen the view that the kidneys are the site of the forma- 
tion of the urinary ammonia 



COMPARATIVE RESULTS OF COLLOIDAL GOLD AND 
COLLOIDAL MASTIC TESTS 

an analysis or one thousand seven hundred and 

SEVEN SPINAL FLUIDS ’’ 

HARRY WASSERMANN, MD 

BALTIMORE 

It IS now generally accepted that the physician who undertakes to 
treat syphilis is failing in his duty to the patient if he neglects routine 
studies of the spinal fluid Studies earned out in this clinic ^ and else- 
where have shown that in addition to the procedures of cell count, 
globulin estimation and Wassermann reaction, there should be included 
the performance of a colloidal test such as the colloidal gold test of 
Lange which yields much information of diagnostic and possibly of 
prognostic import Unfortunately, the preparation of the colloidal gold 
solution IS so complex,' demanding absolute chemical cleanliness of all 
glassware and the use of triply distilled water, and the solution when 
prepared is so unstable that the use of this test is practically confined to 
large laboratories in centers of population 

Recent studies have shown that results analogous to those of the 
gold test may be obtained with colloidal suspensions of various gums oi 
resins Two of these have received particular attention, the colloidal 
benzoin reaction ^ m France and the colloidal mastic test in Germany ^ 
and in this country In 1921, a paper was published from this clinic ® 
in which the results of the colloidal mastic reaction were compared 
with those of the colloidal gold test in 311 fluids It was shown that 
there was fairly close parallelism between the two tests and that when 
agreement was lacking, the mastic seemed to be somewhat more delicate 
than the gold 

In view of the simplicity of preparation of the reagents used in the 
mastic test, it has seemed worth while to review our further results with 

* From the Syphilis Department of the Medical Clinic, the Johns Hopkins 
Hospital 

1 Moore, J E Studies m Asymptomatic Neurosyphilis II, Bull Johns 
Hopkins Hesp 33 231, 1922 

2 Felton, L D A Study of the Specificity of the Colloidal Gold Reaction 
from a Physico-Chemical Standpoint, Trans Sect Path & Physiol A M A , 
1917, p 73 

3 Guillain, G , Laroche, G , and Lechelle, P La reaction du Benzoin 
colloidal et les reactions colloidales du liquide cephalorachidien, Pans, Masson 
et Cie, 1922 

4 Kafka, V Mastic Reaction in Cerebrospinal Fluid, Klin Wchnschr 2 
829 (April) 1923 

5 Keidel, A , and Moore, J E Comparative Results of Colloidal Mastic 
and Colloidal Gold Tests, Arch Neurol & Psychiat 6 163 (Aug ) 1921 
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It in comparison with the gold test This paper therefore sums up the 
results of the study of 1,707 spinal fluids in which both colloidal tests 
as well as the others enumerated were performed This series includes 
the 311 cases published in our first paper® For the most part, the 
fluids are from patients in the various stages of syphilis although a 
number of other neuiologic conditions are included The results of 
spinal fluid examinations have in each instance been compared with the 
clinical evidence of central nervous system disease, in an attempt to 
evaluate the comparative worth of gold and mastic reactions 

TECHNIC 

For the sake of completeness, the technic employed, which is that 
recommended by Stanton,® is repeated 

Ten grams of commercial gum mastic are dissolved in 100 cc of 
absolute alcohol, and the resultant cloudy fluid is filtered several times 
until a clear straw colored solution is obtained This stock solution is 

Table 1 — Showing the Standards Employed in Reading the Colloidal Mastic 
Test, with Examples of Typical Curves'^ 

E\ainplcs of Colloidnl Tests 

Tube 

t * * 

123456789 10 

Dilutions Of spiml fluid 1 4 1 8 1 10 1 33 1 64 1 128 1 256 1 512 1 1024 1 204S 

Paretic zone 5555543210 

Syphilitic zone 0112331000 

Mastic ‘‘3’’ 332100 0 000 

Negative 2210COOOOO 


* 0 indicates opalescence, no change 1, milky fluid aMth no precipitation, 2, milky fluid 
with slight precipitation, 3, milky fluid with moderate precipitation, 4, cloudy fluid with 
almost complete precipitation, 5, clear fluid with complete precipitation 

kept in glass stoppered bottles at loom tempeiature and does not deterio- 
rate on standing The emulsion is prepared with 1 cc of the stock 
solution added to 9 c c of absolute alcohol, which is then added, with 
gentle mixing, to 40 c c of once distilled water 

In setting up the test, ten small tubes are employed To the first 
tube in the series are added 1 5 c c of a stock salt solution (99 c c of 
1 25 per cent sodium chlorid solution plus 1 c c of 0 5 percent potassium 
carbonate solution), and to each of the remaining tubes 1 cc is added 
In the first tube, there is placed 0 5 c c of the spinal fluid to be tested 
After nuxing this dilution of spinal fluid, a titration is made throughout 
the senes by tiansf erring 1 c c from the first to the second tube, from the 
second to the third, etc , 1 c c being finally discarded from the last tube 
Finally, 1 c c of the mastic emulsion is added to each tube After 
mixing, the tubes are allowed to stand over night at room temperature, 

6 Stanton, J M Concerning the Colloidal Mastic Test, Arch Neurol & 
Ps 5 Thiat 4 301 (Sept ) 1920 


WASSERMANX— COLLOIDAL TESTS 


403 


and the results are read in the morning No special precautions regard- 
ing absolute cleanliness of glassware, such as aie necessary for the gold 
test, need be observed 

The standards employed for reading results and t}pical readings of 
various types of abnormal fluids are shown in Table 1 

RESULTS 

The comparative results of mastic and gold tests are summed up m 
Table 2 In 1,498 spinal fluids, or 87 7 per cent of the total number 
studied, there was agreement between the two tests Both weie negative 
in 1,260 fluids, while in 238 instances both were positive, in the majoi- 
ity of these cases the type of curve being the same In only 12 3 pei 
cent (209 cases) of the 1,707 fluids studied was there complete dis- 

Table 2 — A Summaiy of the Agi cement Betzveen Colloidal Gold and Mastic 

TestSj zjvith an Analysis of Clinical and Lahoratoi y Factois in Instances 
of Disagi eementj Showing the Gieatei Delicacy of the Mastic Test 


Complete agreement (positive and negative) 1,446 

Partial agreement (degrees of positive) 52 


Total 1,40S 

Disagreement (positive and negatite) 209 


Analysis of the 209 in Winch Disagreement Occurred 

^ 


Diagnosis of Neurosyphilis Supported bv 
* - 



Total 

Clinical 

other Spinal Pluid 


Cases 

Evidence 

Abnormalities 

Gold positive, mastic negatne 

52 

16 cases 

22 cases 



or 31% 

01 42% 

Mastic positive, gold negative 

157 

75 cases 

97 cases 



01 4S% 

or 62% 


agreement between the two tests This gioup includes 157 fluids which 
gave positive mastic curves when the gold was negative and fifty-two 
in which the reverse was true It is further apparent from Table 2 
that the clinical evidence and other abnormalities in the spinal fluid 
tend to confirm the ^alue of the mastic test when disagreement between 
It and the gold test exists 

In Table 3 these results aie subjected to closer analysis It wnll 
be noted that the only type of abnormal curve common to the two 
tests IS the paretic curve piesent in 161 fluids In fifty-tivo instances 
the gold gave a syphilitic zone or paretic zone curve when the mastic 
test was negative , but this is more than counterbalanced by sixty-seven 
instances in which the mastic test gave a paretic curve while the gold was 
negative Of the total number of fluids, 1,432 were obtained from 
S}phihtic patients, eithei with or without clinical evidence of nervous 
system damage, and 275 were obtained from patients with other 
neuiologic diseases in most of whom puncture uas performed to rule 
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out neuros^philis As shown in the table, one or both colloidal tests 
ga-ve abnormal results in twenty clinically nonsyphilitic patients These 
include six patients with multiple sclerosis, fi’ve with epidemic (lethar- 
gic) encephalitis and three with brain or cord tumors, while the remain- 
der compiise vaiious neurologic disorders The tendency of the three 
diseases named to show abnormal colloidal curves is well known 

In the first paper from this clinic, it was shown that a syphilitic 
zone mastic curve was uncommon, and some stress was laid on the 
probably equivalent value of the so-called “mastic 3” curve It is of 


Table 3 — Detailed Analysis of Agieement and Disagreement Between 
Colloidal Mastic and Colloidal Gold Cuives 


Total 

Colloidal Icsts Cases 

Gold and mastic both negatn o 1,2C0 

Gold and mastic both paretic IfiS 

Gold paretic, mastic negatn e 18 

Gold syphilitic, mastic negath e 31 

Gold syphilitic, mastic paretic 30 

Gold nogatit e, mastic paretic 67 

Gold a anous, mastic “3” 117 

Gold various, mastic siiihilitic 7 

Totals 1,707 


Blngnosis 
of Sjphihs 
Without 
Clinical 

Diagnosis 
of Neuro- 
syphilis 
Before 

Cases 

Clinically 

EMdcnce of 

Spinal 

for 

Non 

Acurosyphilis 

Puncture 

Diagnosis 

syphilitis 

879 

132 

67 

182 

25 

138 

0 

5 

9 

9 

0 

0 

22 

7 

2 

3 

9 

20 

0 

1 

23 

40 

0 

4 

04 

44 

4 

5 

3 

2 

0 

2 

— 

■ ■— 

— 


1,034 

398 

73 

202 


Table 4 — Slioiving the Incidence of the Paietic Type of Colloidal Gold and 
Mastic Cuives in Vaiious N eui o syphilitic Diseases Befoie TieaUnent 






Gold 



Mastic 


Tjpe of 

Total 


Syphilitic Nega 

s 

Percentage 

/ 

Syphilitic Nega 

Percentage 

Neurosyphihs 

Cases 

Paretic 

Zone 

tive 

Paretic 

Paretic 

Zone tive 

Paretic 

Paresis 

44 

38 

2 

4 

803 

40 

1 

909 

Tabes 

50 

39 

5 

16 

580 

35 

9 

70 0 

Cerebrospinal 









syphilis 

100 

34 

7 

59 

34 0 

53 

10 

530 

Total 

194 

101 

14 

79 

62 0 

128 

20 

659 


interest, therefore, to subject to further analysis the 117 instances 
(Table 3) of this type of curve An impression diagnosis of neuro- 
syphihs was made before puncture in forty-four, or 37 per cent, of 
these cases The gold test was abnormal in twenty-seven (syphilitic zone 
14, paretic zone 13) and negative in ninety instances In an additional 
sixteen fluids (forty-three in all), there were present other spinal fluid 
abnormalities, usually a positive Wassermann test, to corroborate the 
mastic 3 curve However, since this curve was the only abnormality 
present in seventy-three patients, its import still remains doubtful, and 
it should be interpreted only in the light of clinical evidence and other 
changes in the spinal fluid 
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As a paretic type of curve has been found so much more frequently 
with the mastic than with the gold test m this senes, its prognostic 
import as an indication of paresis is of less ^alue than that of the gold 
test Of the 395 positive mastic curves, 271 vere of the paietic tj^pe, 
while of 283 positive gold curves, 199 were paretic An impression still 
prevails among many physicians that a paretic gold curve alwa} s means 
paresis, present or likely to develop m the future This type of colloidal 
curve IS, however, fairly common in othei neurosyphilitic diseases than 
paresis In Table 4, this fact is amply illustrated From this evidence 
the conclusion is permissible that the paretic type of colloidal test is so 
frequently present m tabes and diffuse cerebrospinal syphilis as to render 
it valueless as pathognomonic evidence of paretic neurosyphihs This 
conclusion is supported by the fact that neurosyphilitic patients with 
paretic colloidal curves have been followed for years without the slight- 
est evidence of mental damage Obviously, therefore, the paretic mastic 
cuive IS less reliable than the gold as an indication of paresis, since it 
occurs with greater frequency m other types of neui osyphilis 

SUMMARY AND CONCLUSION 

One thousand, seven hundred and seven spinal fluids have been 
studied to determine the comparative values of the colloidal mastic 
and colloidal gold tests All other evidence, both clinical and serologic, 
was utilized m the analysis It was found that m 1,498 fluids or 87 7 
per cent , there was agreement between the two tests There was dis- 
agreement m 209, or 12 3 per cent , and in these cases the mastic test 
was more often positive than the gold Clinical evidence and othei 
spinal fluid changes tend to support a positive mastic test in spite of a 
negative gold test It is pointed out that a “mastic 3” curve is of doubt- 
ful import and must be interpreted m connection with clinical and 
other serologic evidence Excluding multiple sclerosis and epidemic 
encephalitis, abnormal colloidal curves, either gold or mastic, are prac- 
tically pathognomonic of neurosyphihs However, a paretic type of 
colloidal curve, although almost constant in paresis, is not necessarily 
indicative of that disease, since it may occur in other neui osyphilitic 
diseases A paretic mastic curve is of less diagnostic or prognostic 
import than a paretic gold curve 

The mastic test is recommended for adoption as an integral part of 
spinal fluid studies partly because the simplicity of preparation of the 
leagents and their stability and the ease of performance of the test 
render it suitable for small laboratories lacking facilities for the more 
elaborate colloidal gold test, and parti}’- because its delicacy is equal to 
or slightly greater than that of the gold test 
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THE TREATMENT OF DIABETES MELLITUS By Elliott P Joslin 
Price $8 Philadelphia Lea and Febiger, Third edition, 1923 

Only seven years ago, Joslin wrote the first edition of his “Treatment of 
Diabetes Mellitus,” a book of 440 pages, based on a studj of 1,000 cases The 
third edition is based on a study of 3,000 cases, and contains 784 pages Dedi- 
cated “to Banting and Best and the Toronto group of insulin workers,” it plunges 
at once into the midst of things diabetic with a 100 page discussion of insulin 
The reading of these first pages in as interesting as romance, and highly 
instructive as showing the remarkable potency of the new therapeutic agent 
The fast accumulating literature is digested and discussed, and here, as through 
the rest of the book, Joshn’s faculty of adopting everything good for his 
diabetic patients is exhibited Although the story of insulin is still too neu 
to permit final conclusions, the reviewer is impressed with the careful and 
painstaking manner in which Joslin expresses his conclusions at the present 
time 

The dietary treatment of the disease is in the throes of controversy between 
the adherents of various methods of feeding In this book, Joslin takes a broad 
stand, utilizing for his own treatment the best he can find in the observations 
and publications of his colleagues He believes in the value of undernutri- 
tion to render the diabetic aglycosuric The carbohydrate ration of the severe 
diabetic is what he can tolerate Protein should be between 0 33 gm and 1 gm 
per kilogram of body weight He accepts the principle that the actual quantity 
of food which the diabetic metabolizes is different from the actual quantity 
he consumes “The caloric intake of the diabetic has been raised 31 per cent 
over that of the period ending in 1917 ” 

Throughout these pages, one finds a philosophic attitude toward all that is 
new in the disease and a practical appreciation of all that is old and proved 

PULMONARY TUBERCULOSIS By Maurice Fishberg, M D , Clinical 
Professor of Medicine, University and Bellevue Medical College, Qiief 
of the Tuberculosis Service, Montefiore Hospital, New York City Third 
edition, revised and enlarged Cloth Pp 891, illustrated with 129 engra\- 
ings and 28 plates Price $8 50 Philadelphia Lea and Febiger, 1922 

This edition, the third, has been completely revised and enlarged The 
publishers reset the entire book, thereby affording opportunity for the radical 
changes that have been made Two new chapters have been introduced one 
on the reciprocal relations between pulmonary tuberculosis and certain physio- 
logic and pathologic processes, the other on the medicolegal and insurance 
aspects of tuberculosis 

This work has undoubtedly been the best "single \olume text” in English 
on pulmonary tuberculosis, and the present edition only serves to make its 
position more tenable It is clearly written and well arranged for easy reference, 
all cardinal points are italicized , due credit is given for the w ork of others, 
and accurate references to the literature are appended There are manv new 
illustrations in this edition, in addition to those used in former editions, and 
they are all printed on good paper, making them clear and useful 

There is no chapter on the subject of occupational therapy in the treatment 
of tuberculosis, the author practically dismissing the subject wuth the state- 
ment A patient during the active course of phthisis in any stage should 
have no occupation at all He cannot work, he must not attend to any vocation 
which requires physical or mental exertion” 

This book is one of the best for use as a text for students, or for reference 
for the busy' practitioner 
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THE MECHANISM OF PERIPHERAL STASIS IN 
MYOCARDIAL INSUFFICIENCY 

CAPILLARY AND VENOUS PRESSURES ' 

ERNST P BOAS, MD 

AND 

GEORGE DOONEIEF, MD 

NEW YORK 

The penpheial manifestations, such as hepatic and pulmonaiy con- 
gestion, engorgement of the veins and edema, that accompany an 
impaiied circulation are conventionally explained by assuming that with 
the failing heart action theie is a use in piessure in the light auricle 
which impedes the venous flow to the heart, that this, m turn, causes 
engorgement of the veins and a heightened venous pressure which 
eventually is transmitted to the capillaries “The inci eased venous 
pressure spreads to the peripheral parts, acting not only so as to dilate 
the penpheial vessels, but also to retard the capillary flow The 
increased capillary piessure results m an exemia or filtiation of fluid 
into the capillary spaces, which is responsible for the edema and ascites 
on the one hand, and the concentration of blood evidenced by polycy- 
themia on the other ” ^ 

Measurements of the venous pressure in patients with myocardial 
insufficiency have been adduced to support this view Clark, ^ using 
Hooker’s method, and Moritz and von Taboia,^ Schott^ and Marks, 
using the direct method devised by the first of these authois, all report 
an elevation of venous pressuie in cardiac insufficiency Clark found 
that a use in pressuie may precede the clinical signs of caidiac failure. 

From the Medical Division, Montefiore Hospital for Chronic Diseases 

1 Wiggers, C J Nelson’s Loose-Leaf Living Medicine 4 259, 1920 

^ CHrk, AH A Study of the Diagnostic and Prognostic Significance of 
Venous Pressure Observations in Cardiac Disease, Arch Int Med 16 587 (Oct ) 
1915 

3 Moritz, F, and von Tabora, D Ueber cine Methode beim Menschen den 
Druck in oberflachlichen Venen exakt zu bestimmen, Deutsch Arch f klin Afed 
98 475j 1910 

4 Schott, E Die Erhohung des Druckes in venosen System bei Anstren- 
gung als Maas fur die Funktionstuchtigkeit des menschlichen Herzens, Deutsch 
Arch f khii Afed 108 537, 1912 

^ Clinical Determination of Venous and Capillary Pres- 
sures, Afed Clin N A 4 239, 1920 ^ 
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and Schott that the rise m -venous pressure after exercise is propoitional 
to the degree of insufficiency of the heart 

A similar elevation of the capillary blood pressure has been noted by 
seveial authors, notably by Krauss *’ and von Basch ^ The method for 
the determination of the capillary pressure that -was employed by both 
of these authors, ho-wever, depended on the paling of the skin -when 
measured piessure was exerted upon it It has been shown that this 
technic is quite inaccurate, and their conclusions, therefore, have little 
value® Recently, howevei, Liebesny,® employing a more accurate 
method, has reported an elevation of capillary pressure in patients with 
venous stasis 

Sir James Mackenzie^” has called into question the back piessure 
theory of heart failure and has pointed out that the primary cause of a 
failing circulation is weakness of the heart muscle He says 

The objective signs of heart failure, such as dropsy and venous and hepatic 
engorgement, are usually spoken of as signs of back pressure, but they are 
probablj due to an inefficiency of the driving power The blood passes through 
the capillaries at a slow rate, impairs their nutrition, and allows transudation 
to take place, which we call dropsy Under certain circumstances, this enfeebled 
circulation leads to great engorgement of the venous side of the circulation 
Dilatation of the tricuspid and venous orifices may arise, so that we get 
regurgitant vaves of blood sent back into the veins and the liver by contraction 
of the auricle and ventricle Under these circumstances “back pressure” does 
modify the circulation and produce definite symptoms But these results occur 
in only a small proportion of cases of heart failure and by the time they appear 
the heart failure has reached an advanced stage 

The chance observation that in several patients with myocardial 
insufficiency the readings of capillary blood pressure were low drew 
our attention to this problem We have therefore studied a senes of 
nineteen patients, noting the clinical signs and symptoms and measuring 
the venous and capillary pressures Most of the patients were reex- 
amined at an interval of several weeks For the venous pressure 
determinations we followed the technic of Moritz and von Tabora,® the 
most accurate one that has been described Measured by this method 
the normal figures for venous pressure range from 1 to 10 cm of water, 
most fieqiiently from 4 to 8 cm, with an aAferage figure of 5 2 cm 
With cai diac insufficiency the figures may rise to 20 or 25 cm of water 
Then highest reading was 32 cm For the capillary pressure determina- 

6 Krauss, H Der Kapillardruck, Samml klin Vortrage (mn Med ) 13 
315, 1914 

7 Von Basch, S Expenmentelle und khnische Untersuchungen uber den 
Capillardruck Internat Beitr z mn Med 1 65, 1903 

8 Danzer, C S , and Hooker, D R Determination of the Capillary Blood 
Pressure in IVan with the Microcapillarj Tonometer, Am J Physiol 52 136 
(Ma>) 1920 

9 Liebesni, P Die Capillardruckmessung beim Menschen, Klin 
Wchnschr 2 521, 1923, Arch f d ges Phjsiol 198 215, 1923 

10 Mackenzie, T Diseases of the Heart, Ed 3, London, 1913, p 26 
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tions \\ e empIoN ed the method described b\ Danzer and Hooker ^ w Inch 
ne ha\e been using in our other studies of capillar} pressure For 
details reference may be had to the onginal communication of Danzer 
and Hooker and to our first paper The nonnal capillar}' pressure 
as determined b} this metliod is about 20 mm of mercur} but the 
readings in different capillaries in the same person and m different nor- 
mal persons may ^ar}• from 5 to 30 mm of mercury Cases in nhich 
most of the readings are abo\e 25 or below 10 are rare 

In all cases the lenous pressure was first estimated and the capillar} 
pressure was measured from thirt} to sixn minutes later The capillary 
pressure was measured with the patient in a sitting posture with the 
hajid at heart level Our obseriations are presented in Table 1 

In Cases 1 to 5 the patients showed a heightened venous pressure 
accompanied b} a nonnal capillar} pressure which had a tendenc} to be 
low The} all gaie clinical endence of definite m}Ocardial insufficiency 
The patients in Cases 6 to 12 presented normal venous and capillary 
pressures In them tlie signs of failing circulation were less endent 
Cases 13 to 16 in w Inch high venous pressures are associated w ith high 
capillar}- pressures are more difficult of interpretation They are 
w ith one exception cases of h}-pertension w Inch have consistent!} 
shown high capillar}- pressures The capillar} pressure in Case 13 of 
which we ha\e records for the past two }ears has alwa}s been high 
The patient in Case 15 was obseiwed oter a period of one }ear and he 
had consistently high capillar} pressure readings e\en at a time when he 
ga\e no eindence of arculaton. failure The patient in Case 16 is the 
only one of a senes of 130 whom we have observed exhibiting a normal 
blood pressure and a high capillary pressure }et her \enous pressure 
barely exceeds the normal In view of our other obseiwations we do 
not belieie tliat in this group of cases tlie elevation of capillary pressure 
IS determined by tlie increased venous pressure The patient in Case 
17 with Ii}-pertension a low venous pressure and a high capillary 
pressure confirms tins opinion 

It IS worth} of note that m tliose patients in whom studies made on 
two occasions showed a significant vanation of venous pressure there 
was no constant pa-rallel alteration of the capillar}- pressure 

In an attempt to obtain furtlier information of tlie effect on tlie 
capillaiy pressure of a heightened venous pressure the following experi- 
ment was performed A >oung man with healthy arculatoiy organs 
was placed on his back on an examining table in such a position that 
simultaneous readings of venous and capillary- pressures could be made 
A blood pressure cuff attaclied to 3 . mercuiy- manometer was placed 
around the arm that was used m tlie examination and the hand was 

11 Boas E P ?ra Frant S The Capillar} Blooo Pressure .n Arterial 
H-rpertension Arch Int Mea SO -lO (Tuh ) 1922 
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placed at heait level The venous pressuie manometer was filled with 
2 per cent sodium citrate solution to prevent clotting of blood in the 
needle which was left m the vein over a considerable period of time 
Control readings were made until both venous and capillary pressuies 
were stabilized Then the blood pressure cuff was inflated with air up 
to a certain point and maintained at that pressure while repeated read- 
ings of the venous and capillary pressures were made The same gioup 
of capillaries were always used for the pressure estimations The 
experiment was performed on three different days with similar results 
Table 2 gives a protocol of the last session 


Table 2 — Picssutc Estimations 


Time 

1 

1 

1 Pressure In 1 
Sphygmomnno 
meter Cult, 
Mm of Mercury 

Venous 

Pressure, 

Cm of 
Citnitc 

Capillary Pressure, 
Mm of Mercurj 

2 30 to 2 40 

0 

fc 1 

17 


' r 

S2 

16 — S readings 


0 

5 0 

17 


0 

[ 78 

10 

2 41 

20 



2 42 

20 

18 5 

13 — 3 readings 

2 44 

20 

1 20 2 

t 14 — 6 readings 

2 45 1 

1 

20 

20 3 

13 — 3 readings 

2 40 : 

0 



2 47 

« 

7 8 

1 1 

1 15 — 6 readings 

2 47V4 

30 1 

! i 


2 49 

30 1 

30 5 

10 — 3 readings 

2 50 

30 1 

331 1 

13 — 2 readings 

2 51 

30 

34 2 

8 — 6 readings 

2 52 

0 

! 


2 50 

0 1 

81 

14 — 4 readings 

2 59 

o 

78 

1 23 — 3 readings 

3 00 

0 i 

1 

7 5 

1 15 — 6 readings 

3 00% 

40 1 


1 

3 02 

40 1 

218 

16 — 2 readings 

3 03 

40 

32 1 

i 10 — 4 readings 

3 04 

40 

37 8 

1 15 — 3 readings 

3 05 

40 ; 

39 0 

10 — 2 readings 


The data presented in the two tables show that within the limits of 
the pressures that weie studied the venous and capillary pressures are 
independent A venous pressure ranging as high as 39 cm of water 
may be accompanied by a low capillary pressure, and a low venous 
pressure may be associated with a high capillary pressure In the 
experiment in which the venous pressure was artificially increased it 
was noted that while the blood pressuie cuff was inflated, the color of 
the skin in the microscopic field assumed a dusky red color, but there 
was no engorgement of the visible capillaries 

These results are of considerable theoretic interest They afford 
additional evidence of the functional independence of the capillaries 
Since the venous pressure with a failing circulation rarely exceeds the 
figures noted in our observations, they give additional support to the 
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Mew that peiiphcial stasis is not condilioned by back piessure eflects 
but lather by a lessened piopelhng foice of the left ventricle This 
diminished motue powei of the heait lesults in a slowing of the blood 
stream, paiticularh in the peiipheral vessels A greatei oxygen unsatu- 
ration of the capiilaiy blood ensues, which is followed by a dilatation 
of the capillaries ^^'hethel the dilatation is detei mined by the want of 
oxygen, by the absence of some hoimonc, as suggested by some of the 
nork of Kiogh, oi b} unpaired nutrition of the capillary wall resulting 
fiom an inadequate blood flow, is unknown Undoubtedly the dilated 
capillary walls are more peimeable and at a ceitain stage of the process 
filtration edema mil occur 

A numhci of plnsiologic obsenations seem to throw doubt on the 
correctness of oui ohser\ations The repoits h) eailiei in\ estigatoi s 
can be ignoied because then methods foi the detei mination of capillaiy 
piessurcs weie inacciiiatc Ho\\c\ei, Dan/er and Hookei ® ha\e noted 
an increase of from 2 to 3 mm of mcicuiy in the capillary pressuie, 
induced hy the ValsaU.i experiment, and an ele\nlion of 2 5 mm of 
meicun ^\hen a rubber band %\as looseh wound aiound the fingci 
We beheie these changes of picssinc aie so '^mall that the} fall within 
the limits of error of the method cmploNcd 

More difficult to correlate ^^)th our findings aie the obsenations of 
■^eieial authors that the blood picssuie in any group of capillaiies 
depends on their po‘'ition m i elation to the level of the heart This is 
attributed to the Indioslatic piessuic of the column of blood’- Thus 
Krogh rcjioits that when the hand is lowered 29 cm the capillaiy 
])rcssiiic incs 26 2 cm of blood, which is cqunalcnl to 20 2 mm of 
mercur) \'on Knes found that low'ciing the hand 28 5 cm laised the 
capillar} pressuie b} 11 cm of blood oi 8 1 mm of mercui} K}hn, 
on the other hand, leports that ioweimg the hand 43 cm laises the 
capillaiy pressure onl\ 3 8 cm of blood or 3 mm of meiciir} W^e haie 
repeated these measurements and have found on one occasion that 
lowering the hand 37 5 cm laised the capillaiy ))icssuic 181 cm of 
blood, or 14 mm of meicuiy, on anothei, that a loweiing of 41 cm 
laised the capillar} piessure 12 6 cm of blood oi 9 7 mm of mcicury 

Our findings lend themselves to scceial inteipietations Fust, that 
a \enous jnessuie as high as 39 cm of w'atci m.iy hacc no effect on 
the capillaiy pressure Again, it ma} be that the failing diivmg powder 
of the heart, on the one h.ind, and a leflex vasoconstiiction fiom the 
inflation of the sphygmomanometei cuff, on the othci, lowei the capil- 
lary pressuie enough so that the slight incicase caused by the elevated 
venous piessuie is not evident Foi example, a patient may have a 

12 Tigcrstccit, R Die Phjsiologic dcs Kreislatifcs, Berlin, 3 274, 1922 
Krogli, A The Anatomy and Plijsiology of Capillaries, New Haven, Yale 
Umversitj Press, 1922, p 220 
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capillary pressuie of 20 mm of mercury With the failing piopelling 
foice of the heart, the capillary pressure may diop to 5 mm of mei- 
cury The heightened venous pressure may raise the capillary pressure 
by 5 mm , giving a resultant capillary pressure of 10 mm , which is 
lowei than it was before myocardial insufficiency set in 

Either of these interpretations lead to the conclusion that the chief 
cause foi peripheral stasis and edema lies in the weakened cardiac con- 
traction and not in back pressure effects 

The only other explanation that suggests itself is that we ha\e 
measured by the Danzer and Hookei method not the true capillary 
piessuie but the pressure in the precapillary arterioles The low capil- 
lary pressures found by Carrier and Rehberg^® would point in this 
direction On the other hand, the fact that we observed the effect of 
hydrostatic pressure on the readings makes us believe that we are deal- 
ing with real capillaiy pressures 

Whatever may be the final decision, the results obtained in this study 
give added significance to the high capillary pressures reported by one 
of us in certain cases of hypertension and demonstrate conclusively 
that these high readings were not determined by a high venous pressure 

13 Carrier, E B, and Rehberg, P B Capillary and Venous Pressures m 
Man, Skand Arch f Phjsiol 44 20, 1923 



A STUDY OF THE MECIiANISM OF ABSORPTION 
OF SUBSTANCES FROjM TFIE NASOPHARYNX 

HEimiANN L BLUMGARl, MD 

BOSTON 

T\\o pievious communications have indicated that the nasophaiynx 
constitutes an area of pecuhai physiologic significance Obseivations 
on several cases of diabetes insipidus^ umfoimly showed that although 
the watei}^ extract of the pituit.ny gland was not absoibed from any 
othei internal oi external suiface of the body, it neveitheless gamed 
rapid and eflectne entrance thiough the nasophaiynx The disclosuie 
of such an interesting plnsiologic mechanism laised the quei) whethei 
this absoiptne power might extend also to paiticulate matter Using 
the proper piecautions to pieient absoiption by ain othei loute, it ivas 
found that paiticulate mattei in the foim of puheri/ed lead caibonate 
was readil} absorbed fiom the uppei air passage of cats and dogs - 
The absoiption was lapid and gieath in excess of the minimal toxic 
dose Although these facts demonstrated that both solutions and 
particulate mattci might eventually traicisc the normal nasophaiyn- 
gcal mucous membrane with readiness, the) gave no clue to the undei- 
1) ing mechanism 

Search of the litcratuic icvealcd scattered obscnations which, wdiile 
not bearing directly on the point, arc ne\crthclcss suggestive in this 
connection Since the) h.i\ c been uncovered m wudcly dissimilai inves- 
tigatne fields foi the most dncisc puipo^es, it w'ould seem woith 
wdule to gather them togcthci m this place m an cfioit to gam some 
insight into then possible iciationship, and perhaps finall) to gam some 
clue to the function of tins impoitant aiea 

pni:xoM!:N\ ixdicaiixg misokpiiox or sunsrAxers iiirougii 

Tin: XASOPlIAin NX 

Certain obseivations i elating to the absorption of substances m the 
upper ail passages aie of considciable inleicst Klcbs “ i elates that it 
w^as an ancient custom among the Chinese and PTindus to vaccinate 
against smallpox by blowing the finely powxlcied Mrus into the nostuls 
Similaily, Zcrjgow'sky ^ pioduccd active immunity m animals by admin- 
istering diphthen.i toxin mtianasally by spiays and cotton plugs 

1 Blumgart, H L Anticlurclic HfTect of Pituitary Extract Applied Intra- 
nasally in a Case of Dialictcs Insipidus, Aich Int Med 29 508 (Apiil) 1922 

2 Bhinigait, H L Lead Studies VI, J Indust Hyg 5 153 (Sept) 1923 

3 Klebs Bull Johns Hopkins Hosp 24 69, 1913 

4 Zerjgowsky Ztsclir f Iinmunitatsfoi sell , Absti 3 602, 1910 
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Blumenau ^ lepeated these observations on large numbeis of children, 
using intranasal plugs beavil}^ soaked with undiluted toxin Like 
Zerjgowsky, he found that the procedure caused no subjective symp- 
toms, but was followed by the appearance of a small amount of anti- 
toxin in the blood These experiments derive additional significance 
from the fact that Anderson ® tried in vain to immunize guinea-pigs 
to diphtheria by subcutaneous injections of toxin 

More exact demonstration of absorption of substances by the naso- 
pharynx IS afforded by the expeiiments of SewalM on guinea-pigs 
He found that if 3 minims (0 18 c c ) of horse serum were instilled 
mtranasally into guinea-pigs, subsequent intravenous injections revealed 
that the animals had become either sensitized or immune In the former 
group, the first intravenous injection caused speedy anaphylactic death 
In the othei group of animals, the first intravenous injection produced 
practically no reaction, and a second injection after an interval of three 
weeks was likewise withstood Later work demonstrated that the trans- 
fer of immune serum confeired immunity on normal guinea-pigs, 
enabling the latter to withstand intravenous injections of horse serum 
which always proved fatal to controls As the authors of these experi- 
ments realized, however, there was no assurance as to the site of 
absorption of the horse serum, since some may have reached the trachea 
and some was certainly swallowed 

The only proof of absorption of substances actually in the naso- 
jdiarynx is afforded by pituitary extract and lead carbonate I demon- 
strated, in patients suffering from diabetes insipidus, that pituitary 
extiact introduced mtranasally effected a reduction in the fluid intake 
and urinary output entirely comparable in magnitude to hypodermic 
injections ’■ 

To determine whether particulate matter might likewise be absoibed, 
cats and dogs were subjected to the following expeiiments. The 
esophagus was completely occluded by two or more ligatures, the 
trachea opened below the thyroid, and a tightly fitting glass cannula 
inserted The lumen of the free upper end of the trachea was then 
occluded by two or more ligatures Definite amounts of finely pow- 
dered white lead dust were then sprayed mtranasally After from 
eighteen to thirty-six hours, careful necropsies were made of the ani- 
mals, the entire skin, and the head, trachea and esophagus above the 
ligatures discarded, and the skeleton and other tissues analyzed sepa- 
rately for lead The average amount of lead recovered, expressed in 
terms of metallic lead, was approximately 22 mg pei ammal Although 

5 Blumenau Jahrb f Kinderh 74 141, 1911 

6 Anderson, J F Hyg Lab Bull 30, Washington, D C, p 906 

7 Sew all Some Relations of tbe Brain and of tbe Olfactory Apparatus to 
tbe Process of Immunity, Arcb Int Med 13 8S6 (June) 1914 
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the a^e^age weight of the animals was appi oximately one-fifteenth that 
of a 60 kg man, the amount ahsoibed by each animal was more than 
twenty-two times the minimal toxic dose for a human being 

i:NTR\NCn OF PATHOGENIC ORGANISMS BY WAY OF THE 
NASOPHARYNGEAL MUCOUS MEMBRANE 

The anatomic proximit}'’ of the nasopharynx to the cianial cavity and 
the appearance of signs of local meningeal nutation before the mani- 
festation of geneialized invasion have naturally stimulated workeis 
to establish an etiologic i elationship Perhaps the most incisive exper- 
imental investigations relating to the nasophaiynx have been undei taken 
in connection with anterior poliomyelitis and cerebrospinal meningitis 
Strumpell® fiist advanced the hypothesis that the virus of poliomyelitis 
may leacli the cential neivous system by tiaveling along the olfactory 
neives, an Itypothesis which was established as fact b}'^ the researches 
of Flexner ^ and his co-workers They found “that the tirus passes 
with readiness and constanc}’- fiom the intact or piactically intact mucous 
membrane of the nose to the cential neivous system and that this 
membrane, next to dnect intiaceiebial mtioduction of the vinis, gives 
the readiest method of successful inoculation” Flexnei and Claik^° 
showed that foity-eight houis after intranasal inoculation the virus 
could be demonstrated in the olfactoiy lobes of a monke}, whereas 
none could be demonstiated in the medulla or spinal cord Additional 
evidence of the piedilection of the vnus of poliomyelitis to pass 
directly from the nasopharynx to the tissues of the central neivous 
s}'Stem without previous hemic invasion was afforded by Claik, Fiasei 
and Amoss They found that 10 cc of actne poliom}'ehtis vnus 
could be given to a monkey intiavenousl) without causing the disease, 
wheieas 02 cc or less of the mi us, when injected mtiaceiebially, 
piecipitated the chaiacteiistic train of symptoms Fuitheimoie, when 
the blood serum of the animals that received the intravenous injections 
was injected intracerebially, the typical tram of symptoms ensued 

The importance of the nasopharynx has likewise been emphasized 
liy the study of cerebrospinal meningitis Extensive clinical investi- 
gations have confirmed Flexner’s experimental obsei vations that the 
meningococcus both enters and leaves the body by way of the mucous 
membrane of the uppei part of the nasopharynx and the posterioi 
nares Opinion is divided, however, on the question whether the 

8 Strumpell Dcutsch Arch f khn Mccl 1891, p 47 

9 FIcxner, S The Mode of Infection in Epidemic Poliomyelitis, J A 
M A 59 1371 (Oct 12) 1912 

10 Flexner and Clark Proc Soc Exper Biol & Med 10 1, 1912-1913 

11 Clark, Fraser and Amoss J Exper Med 19 223, 1917 

12 Flexner, S Epidemic Meningitis, J A M A 69 639 (Aug 25) 1917 
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organism passes directly to the central nervous- tissues by way of the 
l}mph spaces about the olfactory neives, or indirectly by way of the 
blood Early positive blood cultures, and the occurrence of metastatic 
meningococcal inflammation in the joints and the heart indicate that, at 
least in certain cases, the latter possibility prevails 

THE ANATOMIC RELATIONSHIP OT THE NASORHARYNX 

Schwalbe,^® and later. Key and Retzius,^^ demonstrated by skilful 
postmortem injections the lymphatic connection between the subarach- 
noid space and the lymphatics of the nasal mucosa As they utilized 
rather high injection pressures in dead and consequently less resistant 
tissues, there was no assurance that the path they demonstiated actually 
obtained during life Weed’s admirable work, however, yielded more 
reliable data He utilized subarachnoid injections of potassium ferro- 
cyanid with postmortem fixation and precipitation by formaldehyd and 
hydrochloric acid The pressures used “were slightly above normal 
and over considerable periods of time ” Under these conditions, he 
found the granules of Prussian blue in the arachnoid cul-de-sacs above 
the cribriform plate, in the perineural spaces along the olfactory nerves 
as far as the nasal mucous membrane, where they lay beneath the sur- 
face in the meshes of loose connective tissue He believed that these 
histologic findings indicated an accessory path of drainage for the 
cerebrospinal fluid and that from the loose tissue spaces it passed into 
the lymphatic vessels of the nasophaiynx 

Although these studies show that a pathway exists between the 
subarachnoid space and the lymphatic spaces beneath the nasal mucous 
membrane, they shed no light on the mechanism oi path by which sub- 
stances may enter the body by traversing the mucous membrane of the 
nasopharynx In view of the importance of this route in the condi- 
tions cited above, and m view of the susceptibility of this problem to 
experimental attack, the following woik was undertaken 

OBSERVATIONS 

1 The Absoi phon of Flmds — A Crystalloids In deciding what 
solution would yield the most trustworthy results, it seemed essential 
that the substance must satisfy certain expeiimental conditions 

1 The solution must be nontoxic If the substance to be used 
weie to traumatize the mucous membrane, there would be no assuiance 

13 Schwalbe Centralbl f med Wissensch 7 465, 1869 

14 Key and Retains Anatomic des Nervensj^stems u d Bindesgewebes, 
Stockholm, 1876 

15 Weed J Med Res 31 21 (Sept ) 1914 
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that the patli traversed ^vould be the path traversed under plnsiologic 
circmustances The arculatory alteration tliat such traumatization 
Avould evoke, as veil as the presence of agonal and necrotic cells v ould 
inevitabh distort the final picture 

2 The solution must not act as a tissue stain Obvioush if the 
tissues tended to absorb tins solution as a selectire tissue stain the 
presence of the substance intracellularl}' might merely represent a 
chemical combmation ratlier than tlie course of a similar solution during 
life as It passed tlirough the tissues of tlie mucous membrane 

3 The solution must be identified witli certaint}' and be unafi;ected 
by the ordinar}- reagents used in prepanng histologic sections 

The use of equal parts of potassium f erroc} anid and iron ammonium 
citrate as satisfjing these conditions was suggested b} the uork of 
\\’eed on tlie cerebrospinal circulation In none of his extensive 
senes of researclies did he find tliat injections of the substance acted 
as a tissue stain notiMthstanding the fact that the solution '\\as imected 
into tlie subarachnoid space ‘The precipitated granules were uni- 
formly found clinging to the superficial portions of the cells and not 
w ithin the cell bodies ” Onh m certain locations such as m the arach- 
noid villi, did he find the granules intracellularly, and in this instance 
there was excellent reason to believe that it represented the true course 
of die fluid through a hvmg semipermeable membrane In all of \\'eed s 
experiments, die 2 per cent cent solutions were injected directly into 
the spinal canal for periods of many hours duration without anj 
phenomena indicating toxicit}’ being observed This is die more sig- 
mficant on account of die enormous accentuation of toxicitr* drugs 
manifest on intraspmous injection as compared to subcutaneous or 
eien intrarenous injections 

In die experiments descnbed m dns paper, it was found that such 
weak solutions undent ent dilution in die nasopharimgeal mucus and 
were not as satisf actor} as stronger concentrations of 15 or 20 per cent 
Cats were the animals used The solution was sprajed by means of an 
ordinar}' atomizer, care being taken to reacli all possible portions of 
die anterior and posterior nares The spraying was repeated at fifteen 
minutes inten'als and the animals sacrificed after from one to six spra} - 
mgs The animals were killed with coal gas a method which has 
been found to be speedy and painless and to involve a minimum of 
circulatory alteration 

As soon as respiration ceased the animals w ere rapidly decapitated 
the skin remoi ed. the skull trephined m se\ eral places in order to facili- 
tate fixation and the tissues fixed in 10 per cent solution of formalde- 
h}d and 5 per cent concentrated hrdrochlonc acid The course of a 
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typical experiment, charactei istic of others in this series, can be best 
illustrated by the following protocol 

Cat Young adult Solution of potassium ferrocyanid and iron ammonium 
citrate equal parts used Strength of solution 20 per cent Ten cubic centi- 
meters sprayed mtranasally using ordinary atomizer distributed at fifteen minute 
intervals over a period of two hours, i e, 10 00 a m , 10 IS a m , 10 30 a m, 
10 45 a m , 11 00 a m, 11 15 a m , 11 30 a m, 11 45 a m and 12 00 At 
12 15 animal placed in gas chamber and gas turned on At 12 17 the cat was 
dead The animal was immediately decapitated at the level of the fifth cervical 
vertebra, the skin removed and discarded, the head trephined, and the head and 
neck structures plunged into solution of formaldehyd 10 per cent concentrated 
hydrochloric acid 5 per cent at 12 21 Solution changed daily On the third 
day dissection showed macroscopic blue coloration of the retropharyngeal lymph 
chain Sections of the anterior nares, of the olfactory regions, tongue and 
oropharynx were dehydrated in graded alcohol, embedded in paraffin, counter- 
stained with safranin and also with hematox>lin and van Gieson’s stain The 
sections were then mounted 

Microscopic examination of the sections of the tongue, anterior nares, and 
oropharynx showed a superficial deposit of the characteristic blue granular 
precipitate, but no evidence of any intracellular or intercellular penetration 
The sections of the olfactory region presented a distinctly different picture as 
olfactory nerve cells showed distinct blue granules in their cytoplasm and along 
the periphery The olfactory cells were bipolar, spindle shaped and contained 
round nuclei These nuclei lay deep m the mucous membrane in contrast to 
the small, pyramidal, basal cells which formed the deepest nuclear zone, and 
the sustentacular cells which formed the more superficial nuclear zone The 
peripheral processes of the olfactory cells were short and penetrated to the 
surface where they ended in a projecting tuft of hairline cilia The basal cells 
and the sustentacular epithelial cells failed to show any blue granular content 
There were characteristic granules in the loose connective tissue meshwork of 
the tunica propria, as well as m the lumens of some of the thin ^\ ailed lymphatic 
vessels Particular search of the nerves failed to reveal any evidence of absorp- 
tion along such routes 

Conti ol Expeument — The animal Avas placed in the gas chamber at 2 50 p m 
It was dead at 2 55 p m It was decapitated The nasopharynx Avas then 
sprayed Avith 5 c c of solution as above The head Avas plunged into 10 per cent 
solution of formaldehyd and 5 per cent hydrochloric acid at 3 02 The 
tissues Avere prepared and examined as aboAm In all sections, deposition super- 
ficially of granular precipitate could be seen but no evidence of intercellular 
or intracellular absorption or staining 

Colloids In order to ascertain Avhether colloids Avere absorbed by the same 
mechanism, a 5 per cent solution of colloidal silver Avas sprayed mtranasally 
at fifteen minute intervals for tAvo hours The tissues were prepared and 
examined in the usual Avay No macroscopic evidence of absorption Avas visible 
Microscopically, the tissues of the olfactory region again Avere the sole ones 
that shoAved evidences of penetration, the distribution being similar to that noted 
Avith potassium ferrocyanid although the concentration seemed in general 
someAA'hat less 

2 PaiHculate Mattel — (a) Ivory Black To determine whether particulate 
matter traverses the nasal mucosa, experiments similar to the foregoing Avere 
performed, ivory black being insufflated in the dry pOAvdered state The sub- 
stance consisted of particles of varying size, that is, from particles at the 
loAver limits of vision to those about one quarter the size of an ordinary human 
red blood corpuscle 

After eight insufflations of this inert substance at fifteen minute intervals, 
the animal Avas killed as in the preceding experiments and the tissues examined 
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Macroscopicalh , there \\ere no significant findings Microscopically, an occa- 
sional minute granule was to be seen on the periphery of an olfactory nene 
cell or in the loose mesh work of the tunica propria 

(b) Ft red Staphylococcus aureus To ascertain whether larger particles such 
as fixed organisms are absorbed through the nasal mucous membrane, cultures 
of Staphylococcus autt^us were taken, washed and fixed in solution of formal- 
dehy d The organisms w ere then stained lor four day s in the cold w itli Ehrlich s 
acid hematoxylin The suspension was then washed repeatedly in successne 
washings of distilled water until tlie supeniatant fluid showed no sign of colora- 
tion One cat was gnen eight insufflations of the suspension ot organisms and 
then killed, another after similar treatment was killed alter twenty -four hours 
None ot the tissues examined ga\e macroscopic or microscopic CMdence of 
absorption of the organisms 

In order to obtain some index of the relative ease with which cr\'s- 
talloids and colloids are absorbed the following expeninent was 
undertaken 

Cats were anesthetized with urethane subcutaneously The trachea was 
identified and se\ered, the upper end occluded and the lower end attached to 
a tracheal cannula The esophagus was also identified and ligatured A tightly- 
fitting postnasal plug was introduced into the postnasal space in order to 
isolate the nasophary ngeal ca\ ity A cannula w as introduced into the bladder 
so as to include within its lips the orifices of both ureters A standard solu- 
tion of phenolsulphonephthalein was then prepared of such strength that 1 cc 
contained 6 mg At 12 02 1 cc was sprayed intranasally At 12 12 the 
urine issuing from the cannula became definitely pink, as it was caught in 
a test tube containing sodium hy droxid At 1 42 1 c c of the standard solu- 
tion was gnen intra\ enously The first marked change in the color of the urine 
was noted at 1 47 

One cc ot a 5 per cent solution ot potassium lodid was similarly intro- 
duced but no positne test was secured until one and a halt hours had elapsed 
The test used was the sodium nitrate and sulphuric acid test which was found 
sensitue to 1 minim (006 cc ) oi a 1 4 000 solution of potassium lodid that 
IS approximateb 0 00002 gm 

In animals similarly prepared 1 c c of phenolsulphonephthalein gi\en orally 
appeared in a quantity to gue color reaction only after from one-half to one 
hour 

COMMENT 

The granules of potassium ferroctanid the molecules of colloidal 
siher and the small particles of non,- black found in the tissues may 
safe!} be assumed to represent the true physiologic course of solutions 
as the} traterse the mucous membrane of the nasal cavity In tlie 
case of the potassium ferrocyamd precipitate the control experiments 
eliminate the possibility of the potassium ferroc} amd-iron ammonium 
citrate solution hay ing entered the cell by y irtue of its chemical proper- 
ties Were the phenomena yy-itnessed an expression of such staining 
one yyould expect it to be diffuse and relatnely uniform These obser- 
yations are m accord yyith the more extensn-e experience of Weed as 
recorded in his researches on the cerebrospinal circulation 

These experiments therefore indicate that solutions both cry-stalloid 
and colloid may pass by yvay of the olfactory receptor nerve cells into 
the 1} mphatic meshw ork beneath the nasal mucous membrane and thence 
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to the retropharyngeal lymph nodes A similar path seems to be tra- 
versed successfully by occasional minute particles of an inert substance 
such as ivory black The path along the peripheial portions of the 
cell may well be analogous to the distinct spaces that Mott^® has 
demonstrated about the capillaries and about each nerve cell in the brains 
of animals with experimental anemia In view of the difficulty with 
which inert particles have been found to traverse the nasal mucous 
membrane, the relatively large amount of lead found deposited in the 
tissues of animals in previous expeiiments must receive one of two 
explanations Either the lead carbonate was first dissolved in the 
mucus and then absorbed as a true solution, or the toxic action of the 
lead rendered the mucous membiane more peimeable to the passage of 
particles of lead carbonate It is, of course, entirely possible that both 
factors tended to operate 

It should be noted that the absoiption of substances is accom- 
plished only by those cells which conform to the description of the olfac- 
tory nerve cells The observation of such absorption only in that area 
which conforms to the anatomic distribution of the olfactoiy nerve 
cells is confirmator) evidence In view of this fact, the unique ability 
of the nasophar}nx to absorb such substances as pituitary extract 
becomes correlated with the equally singular anatomic structure of the 
nasal olfactory mucous membrane As Schaefter remarks 

The cells that retain the olfactory chaiactenstics and functions arc known 
as neuroblasts They remain in the walls of the nasal pits, become bipolar 
olfactory cells and by central processes become connected with the brain They 
represent morphologically the ganglionic cells in the dorsal (sensory) roots 
of the spinal nerves, and retain the primitive location of such sensory cells m 
the surface epithelium The olfactory cells are unique in this regard among 
neuro-epithelial elements 

The failure of previously fixed organisms to be absoibed in the 
foregoing experiments is not surpiising, for under the conditions they 
represent merely inert particles of relatively large dimensions No 
analogy can be drawn between the fate of such inert particles and living 
organisms The question as to whether the virus of poliomyelitis and 
the meningococcus utilize the same pathway as the true solutions in 
these experiments, is of consideiable interest All clinical and experi- 
mental observations evidently agree that the precise site of election of 
both organisms is over the olfactory mucous membrane, exactly that 
area through which substances have been shown to pass in these experi- 
ments Even if one assumes the course of infection in these diseases 
to be that detailed above, the exact pathway from the lymphatics of 

16 Mott Lancet, Pt 2, 1 and 79 (July 2 and 9) 1910 

17 Schaeffer The Nose, Paranasal Sinuses, Nasolacrmal Passages, and 
Olfactory Organs, in Man, Philadelphia, P Blakiston’s Son & Co , 1920, p 267 
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the tiniK.i j'liopii.i tlic tissues uf llie cenii.il nenous system is nol 
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to the retrof)haryngeal lymph nodes A similar path seems to be tra- 
versed successfully by occasional minute particles of an inert substance 
such as ivory black The path along the peripheral portions of the 
cell may well be analogous to the distinct spaces that Mott has 
demonstrated about the capillaries and about each nerve cell in the brains 
of animals with experimental anemia In view of the difficulty with 
which inert particles have been found to traverse the nasal mucous 
membrane, the relatively large amount of lead found deposited in the 
tissues of animals in previous experiments must receive one of two 
explanations Either the lead carbonate was first dissolved in the 
mucus and then absorbed as a true solution, oi the toxic action of the 
lead rendered the mucous membiane moie permeable to the passage of 
particles of lead carbonate It is, of course, entirely possible that both 
factors tended to operate 

It should be noted that the absorption of substances is accom- 
plished only by those cells which conform to the description of the olfac- 
tory nerve cells The observation of such absorption only in that area 
which conforms to the anatomic distiibution of the olfactor} nerve 
cells is confirmatory evidence In view of this fact, the unique ability 
of the nasopharynx to absorb such substances as pituitary extract 
becomes correlated with the equally singular anatomic structure of the 
nasal olfactory mucous membiane As Schaeftei remarks 

The cells that retain the olfactory characteristics and functions are known 
as neuroblasts They remain in the walls of the nasal pits, become bipolar 
olfactory cells and by central processes become connected with the brain They 
represent morphologically the ganglionic cells in the dorsal (sensory) roots 
of the spinal nerves, and retain the primitive location of such sensory cells m 
the surface epithelium The olfactory cells are unique m this regard among 
neuro-epithelial elements 

The failure of previously fixed oiganisms to be absoibed in the 
foregoing experiments is not surpiising, for under the conditions they 
represent merely inert particles of relatively large dimensions No 
analogy can be drawn between the fate of such inert particles and living 
organisms The question as to whether the virus of poliomyelitis and 
the meningococcus utilize the same pathway as the true solutions in 
these experiments, is of considerable interest All clinical and experi- 
mental observations evidently agree that the precise site of election of 
both organisms is over the olfactory'- mucous membrane, exactly that 
area through which substances have been shown to pass in these experi- 
ments Even if one assumes the course of infection in these diseases 
to be that detailed above, the exact pathway from the lymphatics of 

16 Mott Lancet, Pt 2, 1 and 79 (July 2 and 9) 1910 

17 Schaeffer The Nose, Paranasal Sinuses, Nasolacrinal Passages, and 
Olfactory Organs, in Man, Philadelphia, P Blakiston’s Son & Co , 1920, p 267 
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the tunica piopna to the tissues of the central nervous system is not 
yet absolutel} clear According to the lesearches of Weed, the normal 
path of cerebrospinal fluid drainage is from the subarachnoid space 
along the penneuial spaces of the olfactoiy nerves outward into the 
loose meshwork of lymphatic spaces of the submucosa The absence 
of granules in the perineural spaces in the experiments presented after 
intranasal spiaymg of potassium fenocyanid are m accord with Weed’s 
expel iments, foi, were the direction of flow from the penpheiy toward 
the subarachnoid space, one would have expected to find granules along 
this route It must be remembeied, however, that m these locations 
we are dealing with extremely small differences of piessures such as 
would leadily permit reversals of current That such reversals may 
actually occur is suggested by certain experimental considerations 
Weed^® found that if lumbar puncture was performed on monkeys 
soon after the intravenous injection of a dose of Bacillus mucosus- 
capsulaius, fatal meningitis ensued, whereas m a series of contiols m 
which lumbar puncture was not performed, double the intiavenous 
dose was not attended by any such consequence The ascending 
course of tetanus toxin along the nerves is also exceedingly suggestive 
in this connection, especially since it has been demonstrated that the 
perineural spaces of such nerves likewise constitute an accessory path 
of cerebrospinal fluid drainage The admirable studies of Frieden- 
wald m the virus of heipes simplex also bear on this point He found 
that after a rabbit had received a corneal inoculation of herpes simplex, 
the vii us could be transmitted from rabbit to rabbit with the production 
of typical lesions by removing the gasserian ganglion, emulsifying it m 
saline and inoculating it into the cornea Every such gasserian ganglion 
examined microscopically showed definite lesions not found in the nor- 
mal controls Similarly, Flexner and Lewis have shown that the 
virus of poliomyelitis will travel up the sheath of the sciatic nerve 
affecting fiist that side of the cord on which the injection was made 
The final evidence that such reversals of current do occur is afforded 
by Weed’s recent experiments, m which he studied the paths of 
drainage aftei intiavenous injections of hypertonic solutions 

It would seem that any such striking property as has been shown to 
exist in the olfactory cells might well be related to their chief function 
In connection with the ability of these cells to transmit solutions, it is 

18 Weed Production of Meningitis by Release of Cerebrospinal Fluid 
J A M A 72 190 (Tan 18) 1919 

19 Fnedenwald Arch Ophth 53 105 (Feb ) 1923 

20 Flexner, S, and Lewis, P A The Transmission of Epidemic Polio- 
myelitis to Monkeys, J A M A 53 1913 (Dec 4) 1909 

21 Weed Am J Anat 31 3 (Jan ) 1923 
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interesting to quote Paiker-- to the eftect that “the adequate olfactoi} 
stimulus for both water inliabiling and air inhabiting vertebrates is a 
solution in contact with the olfactory hairs and perhaps formed in part 
within these bodies” (p 81) That such solutions aie in an eminently 
favorable situation to act chemically on the olfactory leceptors is indi- 
cated b}'- these experiments 

The presence of an area of such unique absoiptive power naturally 
excites curiosity as to whether it may play some othei role in addition 
to its possible importance in olfaction The work of Sewall, prcMously 
cited, strongly suggests that nasophai yngeal absorption may play an 
important role in establishing lesistance to the “droplet infections” 
The anatomic design of the upper respirator} passages which serve to 
prevent the progress of particles to the moie vulnerable pulmonary 
passages, the pouer of mucus to dissolve organisms and the ability of 
the nasopharynx to absorb such decomposition products and transmit 
them to the underlying lymphatics constitute a chain of forces splendidly 
adapted to the creation of natural active immunity 

SU:MMARy AND CONCLUSIONS 

1 Pievious observations, clinical and expeiimental, demonstrated 
that the nasopharynx constitutes an area of singulai absorption 

2 The experiments here presented indicate that crystalloids, col- 
loids and, to a lessei extent, paiticulate matter, ti averse the nasopharyn- 
geal mucous membiane by being absorbed by way of the olfactory nerve 
cells and thence to the systemic lymphatics 

3 The clinical and physiologic significance of these findings is 
discussed 


22 Parker Smell, Taste and Allied Senses in Vertebrates, Philadelphia, 
T B Lippincott Co , 1922 



OBSERVATIONS ON A GROUP OF MARATHON 

RUNNERS 

WITH SPECIAL RErERENCE TO THE CIRCULATION 

BURGESS GORDON. M D , S A LEVINE, M D 

AND 

A WILMAERS, M D 

BOSTON 

PART 1 THE VITAL CAPACITY OF THE LUNGS BEFORE AND 
AFTER A MARATHON RACE 

The American marathon race takes place annually in Boston on 
Apiil 19 Geneially, the men who participate in this 25 mile race are 
the best long distance runners in the United States and Canada It, 
therefoie, seemed to be an exceptional opportunity to observe the 
effect of prolonged vigorous tiaining and a strenuous piolonged effort 
on certain features of the circulation The first part of the paper deals 
with observations on the vital capacity of the lungs, the second with 
the size of the heart as determined by roentgenograms and the third 
with some miscellaneous notes, such as the blood pressure and general 
condition of the runners 

Most observe! s who have studied the vital capacity of the lungs in 
health and disease have noted that some of those better trained attained 
abnormally high figures With this in mind, determinations of all the 
participants in the American marathon race were made just before the 
race These men had all been training for some months immediately 
preceding the lace, and most of them had been doing long distance 
lunning for from file to fifteen or more yeais It is fair to say that 
such a group of men should show the effect of prolonged vigorous train- 
ing, as lunning ten or more miles repeatedly and frequently undei the 
pressure of competition year m and year out should test or develop 
the circulatory mechanism to a maximum 

One must immediately ask which method should be used in deter- 
mining the peicentage of the normal vital capacity Are the figures 
to be calculated on a height basis or by the surface area method^ 
Peabody,^ in Ins early work, originally made three groups, depending 
on the height, but soon it was appreciated that important errors resulted 
when the shortei and tallei members of each group were compared 
to the same standard Obviously, it would have been more satisfactory 
if average normal figures had been aiailable for each centimeter of 

*From the Medical Clinic ot the Peter Bent Brigham Hospital, Boston 

1 Peabody, F W , and Wentworth, J A Clinical Studies on Respiration, 
A’‘ch Int Med 20 433, 443 and 468 (Sept ) 1917 



426 


ARCHIVES OF INTERNAL MEDICINE 


height The small number of observations of Peabody’s senes did not 
permit this Subsequently, W est “ made calculations using the sui face 
area as his basis, and he thought that for males, the normal vital 
capacity in liters should be 2 5 times the surface area in square meters 
This assumes that the vital capacity of the lungs is a function of the 
surface area This, it seems, is not necessarily true from either a 
theoretical or practical standpoint However, for persons of normal 
weight, it probably would work out satisfactorily More recently, 
Hewlett and Jackson ^ made charts of a large series of young adult 
males and concluded that the vital capacity was a simple function of the 
height, that is the vital capacity m cubic centimeters was 50 and the 
height m centimeters, 4,400 This means that the taller the person, 
the greater will be the vital capacity, and the graph when plotted will 
be a straight line and each increment in height will have the same 
increase in vital capacity 

In Table 1 are charted all the leadings made m this study The 
actual vital capacities obtained before tbe race are noted , then the cal- 
culated normal figure follows determined from the surface area, and 
then the percentage of normal For purposes of comparison, a fuither 
calculation is made on the basis of height There aie apparent wide vaii- 
ations 111 the different runners On the basis of surface area, the lowest 
figure is 71 per cent and the highest 138 per cent , and on the basis of 
height the lowest is 76 per cent and the highest 138 per cent The aver- 
age of the two methods is 98 6 per cent using the surface aiea and 
103 3 per cent using the height standard This indicates that even the 
most extreme kind of training probably has little influence, if any, on the 
vital capacity of the lungs, for certainly the general aveiage of so large 
a group would have reflected the results of training by a figure approxi- 
mately from 15 to 20 per cent above the normal There were nine men 
with figures more than 15 per cent below normal, using the suiface 
area method, and four using the height method There were only three 
more than 15 pei cent above normal with the formei method and ten 
Avith the latter One is struck by the fact that the vital capacities varied 
a great deal from below normal to above normal and that there was 
no important relation between the vital capacity of the lungs and the 
order in which the runners finished 

Obseivations were made on twenty of the runners a few minutes 
after they finished the race They were quite exhausted and fatigued, 
although they made a strenuous effort in blowing The vital capacity 

2 West, H F Clinical Studies on Respiration , Comparison of Various 
Standards for Normal Vital Capacity of Lungs, Arch Int Med 25 306 (March) 
1920 

3 Hewlett, A W, and Jackson, N R Vital Capacity m a Group of College 
Students, Arch Int Med 29 515 (April) 1922 
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of the lungs in most of the cases fell appreciably The average fall was 
17 pel cent , and the average time after the finish of the race that the 
observations were made was 3 8 minutes This fall we believe is due 
to the physical exhaustion and less effective control of the respiratory 
muscles rathei than to any impediment to the inflow of air into the lung 
spaces The latter hypothesis is still possible, although no evidence of 
congestion of the lungs, such as rales at the bases, was made out on 
auscultation In several instances, it was found that the vital capacity 
reading returned to the original figure a day or so after the race 

PART 2 THE EFFECT OF THE MARATHON RACE ON THE SIZE 

OF THE HEART 

Many observations have been repoited on the effect of long distance 
running or prolonged effort on the size of the heart, but probably 
because of the varied methods of study, the lesults have been conflict- 
ing In 1899, Williams and Arnold^ studied the hearts in competitors 
before and after the Ashland-Boston marathon race by means of palpa- 
tion and peicussion For thiee successive years, Larrabee and Strong® 
observed runners who participated in this annual event These findings 
were also based on changes in the peicussion outline of the heart 
They reported a general enlargement in nearly all competitors before 
the race with a further and more or less symmetrical increase imme- 
diately after the race 

In 1909, Bo)'ce and Giier, under the diiection of Watson L 
Savage,® made fluoroscopic studies of hearts in competitors of the 
Pittsburgh marathon The first observations after the effort were made 
fiom fifteen to sixty minutes after the completion of the race Their 
findings suggested an enlargement immediatel}' following the race, with 
a reduction m the heart outline one week later They also concluded 
that the hearts of successful maiathon runneis were above the average 
size 

Boige} " made orthodiagraphic recoids of competitors before and 
after a 42 kilometer race and found dilatation of the heait In the 
same paper, he noted a contraction of the heart after a 100 meter foot 
race Dedickem ® examined by palpation and percussion 226 runners 
before and after a 50 kilometer marathon He was unable to demon- 
strate any enlargement of the heart 

4 Williams and Arnold Philadelphia M J 3 1233 1859 

5 Blake, J B , Larrabee, R C , and Strong, L W Boston M & S J 148 
201, 1903 

6 Savage, W L , Boyce, J W , and Grier, G W Am Phys Education 
Rev 15 , No 9 (Dec ) 1910, 16 , Nos 1, 2, 3, 4, 5 (Jan , Feb , March, April, May) 
1911 

7 Boigey Presse med 26 657, 1921 

8 Dedickem Acta Med Scand 53 738, 1921 
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On vaiious occasions, Shott® has contended that the heart dilated 
following exercise In 1908, Moritz^" found that the heart shadow, 
as seen by oithodiagiam, failed to enlarge after exeicise and that in 
certain instances, it contracted This phenomenon was seen in normal 
and in slightly pathologic hearts De la Camp arrived at the same 
conclusions as did Hoffmann,^- who reported that he was unable to 
determine any dilatation in the normal heart following exertion 

In 1914 Nicolai and Zuntz studied the effect of exercise on the 
heart in noimal subjects operating a tread-mill They reported a 
tiansverse diameter increase dm mg work and a decrease a few seconds 
after woik ■Williamson,” in 1915, studied most accurately the effect 
of stall climbing on the size of the normal and pathologic heait He 
measured the tiansverse diameteis on teleoroentgenograms and paid 
considerable attention to the position of the diaphragm He was of the 
opinion that normal and about one half of the pathologic hearts dimin- 
ished 111 size aftei exeition In the same year, Lee, Dodd and Young 
showed that there was little diffeience m the size of the hearts of men 
who had been i owing two or four years and men who had been i owing 
more than ten years One of us, woiking with Strong,^" studied the 
effects of exercise to exhaustion on the normal and abnormal rabbit’s 
heait The animals were exercised m a tread-mill and the heart size, 
as determined by the loentgen ray, befoie exertion was compared with 
the silhouettes taken at vaiious times following exertion In most 
instances, there was a definite deciease in size after effort not only of 
noimal but also of pathologic heaits, and a gradual return to normal 
after one hour 

In this study of the Boston marathon of April, 1923, we used a 
standard poi table roentgen-iay apparatus with an adjustable vertical 
plate holdei The equipment was placed on the second floor of the 
Boston Athletic Association club rooms, close to the elevator and within 

9 Shott, T Verhandlungen des Kongresses fur Innere Med 9 448, 1890, 
Munchen med ■\¥chnschr 55 952, 1908, Deutsch med Wchnschr (April, 1897) 

p 220 

10 Moritz, F Munchen med Wchnschr 55 713 and 1331, 1908 

11 De la Camp Ztschr f klin Med 51 1, 1903 

12 Hoffmann, A 'V'erhandlungcn des Kongresses, f Innere Med 20 307, 
1902 

13 Nicolai, G F, and Zuntz, N Berl klin Wchnschr 51 821, 1914 

14 Williamson, C S Am J M Sc 149 492, 1915 

15 Lee, R I , Dodd, W J , and Young, E L Boston Af &. S J 173 499, 
1915 

16 Gordon, B , and Strong, G F Studies on the Rabbit’s Heart, Arch Int 
Alcd 32 510 and 517 (Oct ) 1923 

17 The films were taken at a distance of 3 feet and a current of 10 milli- 
meters was used, backed up bj a 41r^-inch spark gap, with an exposure of fi\e 
seconds The equipment was supplied by Kehlenback and Saxby, agents for the 
Wappler Company m Boston 
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100 yards of the finish line A convenient dark room was at hand to 
facilitate the change of films Our technic consisted of immediatel}' 
bringing the runners from the street and having them stand m front 
of the plate holdei In some instances, the men were so completel} 
exhausted that it was necessary to give them assistance m older to 
maintain an upright position during the procedure Without dela}', 
the picture was made, and in most instances the entire operation was 
completed within three minutes after the runner crossed the finish line 
The competitors then rested for about one hour and leturned to the 
stand for a second roentgen-ray film A number of men came to the 
loentgen-ray depaitment of the Peter Bent Brigham Hospital the next 
day or some days later, when other heart plates were taken It was 
unfortunately impossible to obtain roentgenograms before the race for 
comparison, but this did not prevent certain obvious deductions fiom 
our studies 

The results are charted m the accompanying Table 2 It uill be 
noticed that immediately after the race (Period A) all the hearts were 
rather small , none was dilated In six cases examined from one to one 
and one-quarter hours later, the second roentgenogram (Period B) 
showed that the heart must have been contracted about 1 cm , for the 
transveise diameter in B was distinctly larger than m A There were 
four other instances in which the change amounted to only a few 
millimeters, but these weie considered to be within the limit of technical 
error Further roentgen-ray data were obtained in five cases, from one 
to sixteen days after the lace, for purposes of comparison (Period C) 
All of them showed a further inciease ovei the dimensions obtained 
about one hour after the race, and one showed an increase of 1 1 cm 
although none had been previously noted 

In this study, due consideration was given to the position of the 
diaphragm as suggested by Williamson,^* Boidet,*® and others It is 
known that a high diaphragm produces an increased transverse diameter 
of the heart shadow for purely mechanical reasons In Table 2 are 
charted six instances m which the position of the diaphiagm was differ- 
ent in the various plates of the same person In four of them, there 
was a gradual increase in the size of the heart after the first roentgeno- 
gram was taken In two, theie was no appreciable change The 
increase occurred in three instances with the diaphragm lower (Nos 
63, 60, and 22) and in one with the diaphragm higher (No 11) This 
indicates that despite the higher position of the diaphragm immediately 
after the race which might have increased the transverse diameter of 


18 Bordet, E Arch des mal du coeur, February, 1923, p 108 
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the heart, apparentl) the hearts were smaller than the} w ere latei wlien 
the diaphragm descended, in a word, the position of the diaphragm 
did not alter the general deductions that might be drawn from these 
observations 

A further control on the roentgen-ray measurements appears in 
comparing the trans\erse diameter of the chest of the same persons in 


Table 2 — Roentgen-Ray Measui enienis of the Hcait and Client 


Running 

Number 

Order ot 
Finish 

Time Elapsed 
Bet'ween Finish of 
Race and Taking of 
BoentsenoETams 

Transverse 

Diameter 

of 

Heart 

Internal 
Trans\ erse 
Diameter of 
Chest 

Cardio- 

thoracic 

Ratio 

Percentage 

Position of 
Diaphragm 

63 

1 

A 1% min 

12 5 

329 

38 




B 85 min 

13 3 

325 

41 

Lover 



0 29hrs 

14 0 

34 5 

41 

Equal 

26 

2 

A 2% min 

13 2 

32 0 

41 





B SO min 

14 2 

321 

44 


Equal 

65 

3 

A 2 min 

115 

314 

36 


70 

4 

A 1% mill 

14 4 

310 

43 

— 



B 87 mm 

14 2 

31 2 

46 

Higher 

46 

5 

A m min 

14 4 

31 4 

46 





B SS min 

14 5 

31 9 

45 


Equal 

44 

6 

A 6 min 

13 3 

30 2 

44 





B 63 min 

12 9 

30 5 

42 


Equal 

39 

7 

A 5 min 

11 7 

29 8 

39 




B 60 mm 

119 

303 

39 

! Equal 

22 

8 

A 2 mm 

12 7 

305 

42 





B 73 min 

13 6 

32 6 

42 


Equal 



0 17hrs 

14 4 

34 5 

42 

Lower 

18 

9 

A 4 mm 

13 3 

29 3 

45 





B 02 mm 

13 2 

29 6 

45 


Equal 

74 

11 

A 2 mm 

16 2 

338 

48 

) 



B 64 mm 

16 9 

342 

50 

JEqual 

33 

12 

A 2 min 

12 2 

29 2 

42 





" B 05 min 

131 

29 8 

44 


Equal 



0 16hrs 

15 6 

29 5 

63 



59 

13 

A 2^ min 

131 

335 

39 





B 67 mm 

13 2 

347 

38 


Equal 

67 

14 

A 2% min 

13 0 

324 

40 


15 

15 

A 2 min 

12 7 

33 2 

38 


23 

16 

A 1% mm 

12 6 

30 4 

41 




B 57 min 

12 6 

30 4 

41 

Higher 

7 

18 

A ^4 mm 

14 2 

321 

44 





B 02 rain 

Ji 4 

32 5 

44 


tequai 



0 16 days 

15 5 

32 0 

36 



37 

19 

A 2 min 

12 3 

311 

40 





B 69 min 

13 8 

31 b 

44 


Equal 

53 

20 

A 5 mm 

12 7 

337 

38 


60 

23 

A 2 min 

115 

283 

41 





B 70 min 

12 5 

28 5 

44 

Lov er 

58 

24 

A l?4 mm 

10 9 

303 

30 


11 

25 

A 3 min 

115 

29 3 

39 




B 00 mm 

12 5 

292 

43 

Higher 

2 

26 

A 2 mm 

12 7 

32 3 

39 





B 99 min 

13 7 

32 2 

43 


Equal 



O IShrs 

13 9 

317 

44 




difterent plates With three exceptions. Nos 22, 59, and 63, the differ- 
ence \\as under 0 6 cm This indicates that from a techmeal point of 
view the heart measui ements \\ere obtained with a satisfactory degree 
of accuracy By dividing the trans\erse diameter of the heart by the 
internal transverse diametei of the chest the so-called cardiothoracic 
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ratio may be obtained which, according to Danzer,^® in normal people 
should not exceed 52 per cent The figure is applicable only when 
obtained from a heart plate taken at a distance of 7 feet Oui readings 
were made from plates taken at a distance of 3 feet One can readily 
see that the hearts were on the whole small or normal Compaiing 
the cardiothoracic ratio of roentgen-ray plates taken at 3 feet with those 
taken at 7 feet in a group of normal persons, we found that the former 
was 3 per cent less than the latter, therefore, the upper limit of normal 
in our measuiements would be 49 per cent From our table, one may 
conclude that the marathon runners showed no enlargements of the 
hearts, for m only one instance (Runner 33) was the ratio appreciably 
above normal at anv time 

PART 3 BLOOD PRESSURE AND GEAERAL CONSIDERATIONS 

Due to ceitain difficulties m the work, only a limited number of 
blood pressuie measurements were made The pressure was taken 
either on the right or left brachial arter}- by means of a Tycos 
manometer, ivith a cuff 12 cm broad The reading was made on 
decreasing contrapressure The systolic pressure was easily determined, 
while the diastolic was difficult to obtain, because the sounds were of 
decreasing intensity before the diastolic contrapressui e was reached and 
were present a long time in the infradiastolic zone, thus the char- 
acteristic feature of the changing quality of the sound was not easily 
ascertained This refers to the readings made by the auscultatory 
method There were almost similar features to deal with in the use 
of the palpatory method, the thumb palpating the brachial artery just 
below the aimlet In the present observations, both methods were 
employed simultaneously, and often the doubt resulting fiom one was 
cleared up by employing the other Furthermore, in some instances, 
we were helped by observing the oscillations of the small spring 
manometer, thus making use, m a rough way, of the oscillatory method 
In a few cases, however, no definite figure could be ascertained 

We never found a so-called “gap” or even a “valley” in the infra- 
systolic zone The intensity of the arterial sounds increased progres- 
sively, and this, according to the recent work of Barbier indicates an 
energetic expulsion of the blood throughout the cardiac systole The 
loud blowing character of the arterial sound that was found in the 
infrasystohc zone and the increased resonance of the sounds aiound 
and above the diastolic point, are, according to the same author the 
result of a hypertonic state of the arterial wall (vasoconstriction, 
hypersympatheticotonus) , but they can also be due, at least partially, 
to increased pulse pressure 

19 Danzer, C S Am J M Sc 157 513, 1919 

20 Barbier, J La methode auscultatoire dans I’exploration cardiovascu- 
laire, These, Lyon, 1921 
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7 he blood pressuie readings are given m Table 3 In most instances, 
immediately after the race, the systolic pressuie was found to be about 
normal , on the other hand, the diastolic pressure w as definitely reduced, 
the ratio, of sj'^stohc to diastolic, which ranges noimally from 1 4 to 
1 7, being thus increased During the following hours, it seems that 
first the systolic pressuie fell and then both the systolic and diastolic 
lose togethei to normal It is quite apparent that our data are incom- 
plete concerning blood pressure changes This subject and observations 
on the tonus of the blood vessels need further in\ estigation 

We had occasion to talk with the men dining the examination (or 
at a later date) about the symptoms they experienced during the race 
Quite a numbei lemaiked about the pain in the upper part of the 


Table 3 — Blood Pic^suie Evaminaiions 


RunniDg 

Number 

Arrival 

Number 

Blood Profisurc 
(m Jim of Jlcrcurv) 

Up to 10 Jim After the I’mish i 

Blood Pressure 
(in Jim of Jlcrcurv") 

At V irj ing 'limes \fter tlie Race 



Time 

Mn\i 

mum 

Mini ' 
mum 

'1 line 

G3 

1 

no 

58 

4 mm 

118 

72 

30 hours 

4G 

G 

130 

70 

9 min 

— 

— 

— 

22 

8 

— 

— 

— 

148* 

92* 

1 hr 40 mm 

18 

9 



— 

1 , — 

IfrS 

58 

1 hr 30 mm 

40 

10 

130 

58 

8 min 

— 

— 

— 

59 

13 

— 

— 

— 

98 

72 j 

1 hr 15 min 

57 1 

14 

134 

70 or 50 

7 min 

— 

1 •“ 

— 

53 

20 

no 

84 

1 8 min 

— 

! — 

— 

48 ] 

22 

130 

54 

8 min 

— 

— 

— 

GO 

23 

132 

so 

5 mm 





2 ! 

2G 

150 

6G 

1 7 ram 

126 

SG 

22 hours 

19 1 

29 

1 120 

58 

1 10 mm 

1 




32 1 

30 

! — 

— 

— 

92 

1)2 

45 minutes 

1 





102 

82 

1 hr 10 min 

77 1 

32 

120 

78 or 58 

9 mm 



! 



2"> 1 


108 

58 

— 







S 

— 

lie 

GO ’ 

— 

106 


45 minutes 

64 i 


130 

88 

— 

; — 

1 

— 


* Runner 3“ jears old 


right side of the abdomen wdnch appeared after the first two or three 
miles Others referred to a slight nausea that came later m the race 
These discomforts usually disappeared after slowing the speed or w^alk- 
ing for a short distance Most of the men at some time or another 
expel lenced pain or stififness in the muscles of the legs and blisters on 
the soles of the feet They felt that their position at the finish line 
depended largely on the condition of their legs and that all other dis- 
comfoits w'ere of minor importance None complained of any difficult) 
in breathing or pain m the chest When asked wdiy they could not run 
faster at the end of the race, they all said that their ‘‘legs just w^ould 
not move an) faster ” They insisted that dizziness did not enter into it 
On examination, no rffies w^ere heard in the lungs, and the In er edge 
could not be felt It was thought that one of these positive findings 
might be present as evidence of ciiculator) embarrassment, but on 
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considering the entire picture that a inaiathon runner presents, we 
came to the conclusion that given a normal heart, the most important 
point m summary training is that of the legs rather than the wind 

SUMMARY 

1 The aveiage vital capacity of the lungs in marathon runners was 
noimal, which indicated that prolonged vigorous training did not 
increase the breathing space of the lungs 

2 There was a fall of 17 per cent in the vital capacity immediately 
following the race, and this returned to normal in twenty-four hours 

3 There was no important relationship between the vital capacity 
of the lungs and the order in which the runners finished 

4 The size of the heart as determined by the roentgen ray in 
marathon runners is not enlarged This indicated that many years of 
the most vigoious physical effort did not pioduce cardiac hypertrophy 

5 Immediately following the race, it seems that there was a 
temporary decrease in heart size, gradually returning to normal in 
about one day 

6 No “gap” was found m the auscultatory curve of the brachial 
artery The systolic pressure immediately after the race was normal 
while the diastolic was distinctly diminished It is suggested that 
shortly afterward the systolic pressure fell, wheieupon both pressures 
slowly rose to noimal 



GASTRIC SECRETION, GASTRO-INTESTINAL :M0TIL- 
ITY AND POSITION OF THE STOMACH 

IX A GROUP or 250 CHILDREV OF THE LYMAXHURST SCHOOL 

C B WRIGHT, MD 

MIN'NFAPOUS 

There is a large amount of literature on the position of the =tomach 
in the adult and in the suckling, but not so much on its position in 
older children Previous to the use of the roentgen ray and the opaque 
meal much work was done b}' percussion and air or gas distention on 
the cadaver, but ^\lth the use of the roentgen raj it was found that 
these observ'ations did not give us an accurate knowledge of the position 
of the stomach and colon m the living upright person, and from the 
clinical standpoint, this, of course, is the important consideration 

DeBuys and Henrique,^ m a stud> of infants and young children, 
did not find an adult type of stomach up to the age of 3 3 ^ears They 
also first noted active peristaltic wa\es in the stomach of a child at the 
age of 4 months Petri, ^ in a senes of observations on fourteen infants’ 
stomachs, found that although the major portion of the meal passed 
into the intestines in from one and a half to two and a half hours, the 
stomach did not completely empty until from four to seven hours 
Richard R Smith “ examined 109 female children varying m age from 
birth to 13 }ears Only twenty-four of these were studied with the 
roentgen ray No definite measurements were given, but he found no 
children wnth the hook formed stomach, up to the age of 3 years He 
concluded that the visceroptotic habitus is found m children of the frail 
type, and that prolapse of the liver, kidney, stomach, and colon is seen 
only in rare instances in children under 12 years of age 

Butler, in 1910, reported observations on a series of 155 children, 
fift} girls and 105 boys His conclusions w'ere that e\idences of enter- 
optosis are observable throughout childhood, but more often at puberty 
In the first da}s after birth palpable Iner and kidneys are common 
Be} ond the first \ ear up to later childhood, palpable livers and displaced 

1 De Bujs, L R, and Hennquc, Adolph Effect of Bod\ Posture on the 
Position and Emptying Time ot the Stomach, Am J Dis Child 15 190 
t^farch) 1918 Se\er, James W'arren The Position of the Stomach m Chil- 
dren, Arch Pediat 31 38, 1914 

2 Petri X-Raj Obser\ations on the Lover Colon, Tahrh f Kinderh 82 
87, 122 

3 Smith Richard R A Stud\ of Children with Reference to Enterop- 
tosis T A A 58 385 (Feb 10) 1912 
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stomachs are exceptional, although signs of the habitus aie evident in 
some of the children The active ptoses he believes are seen at the 
period of puberty No measurements are given, and roentgen-iay study 
was only partial 

Sever, in 1914, repoited a series of examinations in eighty-thiee 
children, twenty-thiee of which were boys The ages vaiied from 4 to 
18 years The children were normal in height, weight and nutrition, 
according to Holt’s figures He concluded that general condition and 
body weight had little to do with the position of the stomach He also 
found the index of Bisher and Lenhofif, which is detei mined by dividing 
the jugulo pubic distance by the Avaist measuie taken just below the 
ribs and multiplying by 100, gave little indication of the position of the 
viscera He noted that of the eighty-three children, two showed the 
lower pole opposite the fourth lumbai vertebrae, and nine showed it at 
the level of the crests , and that m fort 3 ’’-nme the lowei pole was well 
below the crests, sometimes as much as 3 and 4 inches (7 6 and 10 1 
cm ) No exact measuiements aie given, except of extieme types 

He found that the shape of the stomach varied considerably, 
although the most persistent form was of the sink diain type There 
were few steer horn shaped stomachs None of these were seen m the 
position regarded as noimal foi the adult Many were seen in the 
midline, but many were to the left, appaiently resting well within 
the iliac fossae He found only one pathologic case — that of a child 
with a dilated colon and constipation 

At the Lymanhuist school oppoitunity was offered for the study 
of a group of children whose ages varied from 6 to 7 years Two 
hundred and fifty children were examined m a routine manner as fol- 
lows The children were given in the morning on an empty stomach 
one glass of water and one slice of bread ^ Appi oximately forty-five 
minutes later the meal was aspirated and studied They were then 
given about 300 c c of cereal and 2 ounces of barium sulphate and at 
intervals varying from three and a half to six houis later they were 
examined with the fluoroscope from the standpoint of motility They 
were then given approximately 450 c c of buttermilk and 2 ounces of 
barium sulphate, their stomachs studied as to form, and plates weie 
taken both lying and standing, the tube parallel to the umbilicus and 
39 inches (99 cm ) from the plate 

The data obtained on the following points will be considered m 
this paper 

1 A brief record of the results of the Ewald meal 

2 The position of the stomach related to a line drawn at the level 
of the iliac crests 
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3 The measurements of the intercostal angle and its relationship 
to the position of the stomach 

4 The palpability of the liver, kidneys and spleen and the motility 
of the stomach 

5 A report of two cases of dilated colon and constipation found 
m the series 

In a study of the children in this group from the standpoint of 
height, weight and general nutrition, Dr Richard Scammon found that 
they compared favorably with an unselected group, according to the 
general standards used 

The results from the Ewald meal varied from a few cubic centi- 
meters to 125 c c m amount, there apparentl} being no uniformity 
Consideiable variation m the actual time of taking the meal and tech- 


Tablc 1 — Fice Hydt oclilonc Acid 


Age 

Period 

C-17 

No 

Oases 

230 

Mn\imum 

Acid, 

Percentage 

'>S 

Minimum 

Acid, 

Percentage 

0 

Males, 

Average 

20-30 

Females, 

Average 

20-30 

Both 

M lie- and 
Fcniales 
20-30 

Table 2 — Total Acidify 

Age 

Period 

0-17 

No 

Cases 

230 

Mn\inium 

Acid, 

Percentage 

SO 

Miniinum 

Acid 

Percent ige 

7 

M lies, 
4\erage 
40-30 

Females, 

Average 

40-')0 

Both 

Males and 
Females 
40-30 


meal difficulty in completely evacuating the stomach, paiticularly in 
patients of this age, undoubtedly^ are factors m this variation 

Figuies 1 and 2 aie self explanatory and show the range of free 
h}drochlonc acid and total acidity The findings portrayed m these 
illustrations are given m Tables 1 and 2 In the series of 230 cases in 
wdiich this was plotted, the free h}drochloric acid ranging from 0 m 
foul cases to 55 m one, the a^erage being 40-50 The curves of free 
and total acidity follow^ each othei up and down m marked uniformity 
In the four cases wuth no free by drochlonc acid, only'- two could be 
subsequently examined Of the two examined about one year later, 
one sho\ved a free hydrochloric acid of 18 The other still showed 
complete absence of free hydrochloric acid 

In the study of the position of the stomach, a line drawm between 
the iliac crests W'as used as the zero point At first I tried to use a 
marker at the umbilicus, but I found it inaccurate Roughly, how'ever, 
m these observations the level of the umbilicus w as found to correspond 
w ell w’lth the iliac crests m the standing position 
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Fig 1 — Free hjdrochlonc findings The figures running vertically repre- 
sent the free hydrochloric acid The figures below represent age periods of 
the children 



Fig 2 — Total acidity findings The figures running \ertically represent 
the total acidity The figures below represent age periods of the children 
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Fig 3 — Position of the lower pole of the stomach, 7ero being taken as the 
line drawn to the iliac crests and the figures on the right being aho\e and 
below the crests fin centimeters) The figures below are the ages of the 
children in years In this summary, the children aged 16 and 17 were not 
counted because there were so few of them 


>3* jS* ccr £6 


KM- KE licr 


Fig 4 — Relationship between the position of the lower pole of the stom ich 
and the intercostal angle The figures on the right represent the distance 
abo\e and below the line drav n from the iliac crests \thich i= taken as 7ero, 
and the intercostal angle in degrees 
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Figure 3 shows the position of the stomach (also shown in Table 3), 
O being the crests and the distance above and below in centimeters, for 
the A^arious ages from 6 to 17 years inclusive, the highest being nearly 
6 cm above the crests, the lowest 10 cm below the crests, of which 
there were three The average lies close to the iliac crests with a slight 
tendency downward, after the age of 11 Yet, it is an exceedingly 
uniform variation in both directions From this chart, although there 
are some very low stomachs, it would be difficult to determine where 
the position becomes pathologic One might call the group below 6 cm 
pathologic, as they seem to stand more m a class by themselves These 
aie all over 13 years However, is it much more extreme relatively 
at this age than a stomach 5 cm below at the age of 9 or 3 cm below 
at the age of 7^ 


Table 3 — Position of Stomach zvith Distance fioin Iliac Cicsts to Lozuei Pole 



M lie 

Pem lie 

Both 



Average 
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Aier ige 

^ umber 

Average 

Number 
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of 
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of 

Distance 

01 

Age 

Cm 

Cases 

Cm 

Cases 

Cm 

C ises 

G to lo, inclusive 

-0 51 

10> 

—0 38 

130 

-0 27 

235 

G to 11, inclusne 

—on 

70 

—0 33 

82 

+0 22 

152 

12 to 15 inclusi've 

—0 21 

35 

—1 47 

IS 

—0 84 

83 


Table 

4 — Iliac C) est to 

LOZVC} 

Pole of Stomach zvith Info costal Angle 

Both Male and Female 


Male 


Female 


Average 
Angle 
77 7 

Average 

Distance to No 
IjoverPole Ca«es 
—0 49 243 

Average 
Angle 
77 8 

Av erage 
Distance to 
Lower Pole 
—018 

, r 

No Average 

Cases Angle 

109 70 0 

Average 
Distance to 
Lover Pole 
— 0 89 

No 

Casts 

134 


In the total senes, 101 cases were abo\e the iliac crests, or 42 per 
cent , 103 cases, or 42 per cent, weie below the ciests, and thiit}-nine 
cases, or 16 per cent , were at the iliac crests 

In measuring the intercostal angles, I marked the costal margins 
with a pencil and then tiansf erred it to tiacing paper and measuied 
the angle The intercostal angle is often used clinically as an indication 
of the position of the abdominal viscera In Figuie 4 the relationship 
between the position of the lower pole of the stomach measuied from 
the iliac crests and the width of the intercostal angle is shown (Table 4) 
The intercostal angle was seen to vary from 45 to 110 degrees The 
a^erage position of the stomach seemed to bear no relationship to the 
intercostal angle, as one might expect However, no high stomachs 
were found in cases with narrow costal angles, and no low stomachs in 
the cases with extremely wide angles But, in the cases between 55 and 
95 degiees, there appears to be no definite relationship For instance, 
at the angle of 65 degrees we have cases varying from 5 cm above to 
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9 cm below , at 80 degree^, from 5 cm abo\e to 9 cm l)eloc\, and at 55 
degrees, from 2 cm above to 5 cm below Ibis seemed to be equally 
true of males and females, the curves running quite uniforml} for 
both sexes 

In order to show grapbicalK the position of the stomach at the 
various age periods, outlines of the stomach were superimpo'^ed The 
outlines first being marked on the roentgen-ia\ plate and transferred 
to a sketch of the pelvic and lumbar skeleton, the two fixed points used 
being the vertebral column and a line drawn between the iliac crests 



Fig 5 — The outlines of the stomachs of twentj children at the agcs ot 6 
and 7, superimposed The fixed lines are the middle of the \ertebral column 
and the crests of the ilium, showing the stomach somewhat farther to the 
right than in later childhood, and much less eariation m the position of the 
stomach The general shape of the stomach \arics trom the sink dram to the 
very blunt hook 

Tw'entc cases were used in each sketch and the age periods 6 and 7 
were grouped because there were not cases enough to make twent\ 
of either age group, then 8, 10, 12 and 14 With each composite group 
IS a sketch showing the four most common variations 

As the age increases there is apparent!} a much greater xariation 
m outlines and al«o in position, both in relation to the two fixed lines — 
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-The four extreme outlines selected from Figure 5 


li 




m 




’jnwms 


Fig 7 — composite group made the same as in Figure 5, showing more 
variation in the position of the stomach at the age of 8, an appreciable ten- 
dency to the hook form and more variation m the t>pe 
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Fig 8 — The four extremes of Figure 7 



Fig 9 — The outlines from a group of 10 jear old children, showing more 
variation in type than in the pre\ lous ages The stomach as a whole appar- 
ently comes more to the left and generalh is more nearh the hook t\pt 
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the iliac crests — and the vertebral column In the 6 and 7 year group 
there seems to be a closer approximation of outlines with more tendency 
to the sink dram stomach than at oldei periods, the sharp hook definitely 
becoming the characteristic type at the age of 12 

In 243 cases, the liver, kidneys oi spleen were palpable m thirty- 
three cases The ages m this gioup of thirty-three varied from 6 to 15 
years, and the number at each age period was as follows age 6, one 
case , age 7. three cases , age 8, five cases , age 9. two cases , age 10, four 
cases , age 11, three cases , age 12, five cases, age 13, fi\e cases , age 14, 



Fig 14 — Four extremes taken trom Figure i3 


one case, and age 15, three cases, showing a geneial distribution among 
the various ages In these thirty-three cases, the stomach was below 
the iliac ciests in fifteen, oi 47 per cent In the whole group of 243 
cases, in 101, or 42 per cent , the stomach was below the crests, showing 
too slight a relationship between the palpability of these organs and 
low stomach to be of any clinical significance The a^erage costal angles 
m the thirty-three cases was 72 degrees, the average costal angle for 
the whole series was 76 degrees This again shows a slight relationship 
betv eeii the narrow costal angle and the palpability of the liver, spleen 
and kidneys in this group 
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In twenty-three cases, the Iner was palpable In four cases, the 
spleen was palpable In eleven cases, the right kidney was palpable 
In three cases, both the liver and kidne} were palpated In none of the 
cases were the liver, right kidne)’’ and spleen all palpable in the same 
case The left kidney was palpated in none of the cases There were 
seventeen females and sixteen males in the series with right kidney, 
liver or spleen palpable The right kidney was palpable in eight females 
and three males The spleen as palpable in one female and five males 
The liver was palpable in eight females and fourteen males 

In this series, there were two cases of dilated colon associated with 
constipation — one that of a girl aged 13, the other a boy aged 9, both 
unrecognized before, both gave a history of constipation dating from 
birth with attacks of more marked constipation requiring enemas and 
purgatives 

SUMMARY 

In children from 6 years to 15 years, the free hydrochloric acid and 
total acidity is apparently the same as in adults Absence of free 
hydrochloric acid was found in four cases of the 250 In two of these 
cases examined one year later, one showed no free hydrochloric acid, 
and the other showed a small amount of acidity 

The position, size and shape of the stomach varies widely at all 
ages from 6 to 15, showing a great variation as puberty is approached 
The sink diain type of stomach is more common in younger children, 
the sharp hook in older childien In 42 per cent the stomach was 
above the crests of the ilium, in 42 per cent below the crests and in 
16 per cent at the crests 

There was little relationship if any between the intercostal angle 
and the position of the stomach This also holds true for the position 
of the liver, right kidney and spleen Palpable liver and right kidney 
IS common in childien of all ages 

In this group of cases, there was found no difference in the gastric 
chemistry, motility or costal angles between males and females The 
position of the stomach was the same up to the age of 11, when there 
was an appreciable tendency to lower stomachs in females than males 
In regard to the palpabiht) of the abdominal vusceia, there w’as prac- 
tically an equal distiibution of palpable abdominal organs between the 
sexes, seventeen females and sixteen males The right kidney was 
felt much more frequently in females, the liver and spleen moie fie- 
quently in males Two cases of dilated colon were found which had 
pieviously been unrecognized, both in cases having constipation from 
birth Sever found one m eighty-three cases, indicating that dilated 
colon IS found in approximately 1 per cent of children Undoubtedly 
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all cases of constipation dating from birth should be carefully studied 
with this condition in view The motility of the stomach and intestines 
IS greater in children than in adults This seems to be especially tine 
of the colon 



CONDUCTION CHANGES ACCOMPANYING PERI- 
CARDIAL EFFUSION 


WITH A CONSIDERATION OF A LOCAL CIRCULATORY FACTOR 

IN HEART BLOCK 

LESLIE T GAGER, MD 

NEW YORK 

To the eftect of peiiCiudial eftiision on heait function scant atten- 
tion has been paid by pathologic physiologists , while clinical emphasis 
has been directed toward those external manifestations — chiefly the 
manner and degiee of the extension of the limits of cardiac dulness — 
which piovide essential means foi the diagnosis of accumulation of 
liquid in the pericardial cavity Moreover, the picture is so frequently 
complicated by a concomitant infection and by inflammatory lesions m 
the heart muscle or valves that the intiinsic effect of the effusion is 
obscured Thus MacKenzie dismisses the subject by stating that he 
has “nevei found any veiy serious embai i assment of the heait fiom 
extensive pericaidial effusion, the leason liemg piobably that while the 
normal pencaidium is a moie oi less inelastic bag, with the inflam- 
matory invasion it becomes distensible, and therefore able to accommo- 
date an enoimous amount of fluid with little embai i assment to the 
heart ’ 

On the othei hand, Calvert,- in 1907, found marked compression of 
the heait and its vessels in two cases of large effusion into the peii- 
cardium, and on the basis of these anatomic findings discussed the 
ciiculatoiy changes that might be expected under the conditions of 
alteied piessure Thomas Lewis,"* m 1910, from studies on cats, con- 
cluded that “the heait is peculiarly susceptible to the changes of 
piessure exteinal to it,” finding that a rise m inti apericai dial piessure 
of 1 mm of mercuiy loweied systemic pressuie on an average of fiom 
8 to 9 mm of mercury Moie recently, Kuno has studied in dogs 
the mechanical effect of liquid in the pericardium on the functions of 
the heait, and he found that cii dilation ceased when intrapencardial 
pressure equaled venous piessuie, a confiimation of Calvert’s deduc- 
tions As might be expected, small increases in intrapencardial pressure 
brought coiiespondmg deciease in cardiac output and aiteiial tension, 
up to a certain thieshold, beyond which a distinct fall occuried 

From the Cardiac Clinic of the New York Hospital 

1 MacKenrie, Sir James Disease of the Heart, Ed 3, London, 1918, p 283 

2 Calvert, W J Bull Tohns Hopkins Hosp 18 403 (Oct ) 1907 

3 Lewis, Sir Thomas J Physiol 37 213 (Aug 12) 1908 

4 Kuno, Y J Physiol 51 221 (Sept 12) 1917 
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To these scattered obseivations of pericardial pressure effects, we 
wish to add the clinical record of a man with a large pericardial effusion, 
accompanied by a well marked depression of conductivity of the bundle 
of His, which was readily converted by vagus pressure into 2 1 
aunculoventricular block These phenomena disappeared at once after 
the tapping of 500 c c of peiicardial liquid A further point of interest 
was a definite hypertension, wfinch fell steadily until normal limits were 
reached and maintained 


REi’OKT or \ C’tsn 

Histoiy — J R, a man, aged 57, was admitted Feb 23, 1921, to the New 
York Hospital, ni the service of Dr Lewis A Conner The chief complaint was 
shortness of breath and heaviness in the abdomen The family history was 
irrelevant, and the patient recalled no childhood or adult infections His health 
had been excellent until five months before admission when he awoke in the 
middle of the night wnth difficulty in breathing With remissions from time to 
time, this dyspnea continued to progress, it w^as ahvays relieved when the patient 
assumed an upright position 

Physical Examination — This disclosed an orthopeic, sparely nourished elderly 
man, with moderate pallor, puffiness under the eyes, and edema of the hands, 
scrotum and lower part of the legs The pupillary reactions were normal, the 
knee jerks active The jugular veins were not distended The chest was 
emphvsematous , at both bases, tactile fremitus w'as diminished, with dulness and 
diminished breathing The apex impulse was not seen , it w'as felt diffusely m the 
third, fourth and fifth interspaces in the region of the left nipple Relative cardiac 
dulness extended in the first interspace 5 5 cm to the right and 4 cm to the 
left of the midsternal line, and the greatest transverse measurements was 10 5 
cm to the right in the fifth interspace and IS 5 cm to the left in the sixth inter- 
space The outline w^as typically pvriform The sounds w’ere faint, there were 
no murmurs The rhythm was regular, the rate 80 per minute, at the apex and 
wrist Blood pressure w'as systolic 190, diastolic 120, w’lth no evidence of 
alternation On pressure on the right vagus, there was a slownng of ventricu- 
lar and radial rates to from 42 to 44 beats a minute There w'as a transitional 
period of irregular rhythm following vagus stimulation The liver edge was 
6 cm below the right costal margin, there was shifting dulness in the flanks 
The fundi show'ed moderate sclerosis of the retinal arteries, in keeping wnth a 
definite though not marked peripheral sclerosis There wms no retinitis 

Laboi atoi y Findings — These w’ere hemoglobin, 70 per cent , wdiite blood 
cells, 9,800, polymorphonuclear leukocytes, 80 per cent , Wassermann reaction, 
negative, urine, of high concentration, with a cloud of albumin, numerous 
granular casts, and white blood cells 

Elect! ocaidiogiams — These were taken on admission prior to the adminis- 
tration of digitalis Thev showed normal sinus rhythm at a rate of 80 per 
minute, with prolongation of the aunculoventricular conduction time in Leads 
I and III to 0 44 second In Lead II the rate w'as slower, 74 per minute, and the 
P-R interval equaled 0 22 second The ventricular complexes showed a slight 
right predominance, and were remarkable for the small size of the waves, which 
indicated a poor functional state of the heart muscle, as did the flat T-vvaves 
The second record, taken during pressure on the right vagus, showed a transitorv 
period of 2 1 heart block, follow^ed by v^arying grades of aunculoventricular 
dissociation In Lead III, there were P-R intervals of 0 6 to 0 68 of a second 

Com sc— On February 24, three days after admission, because of failure to 
improve under rest and digitalis, 500 c c of pericardial liquid was withdrawn 
through a needle inserted close to the sternal border in the fifth left interspace 
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The tapping gave the patient immediate and great relief The pericardial fluid 
had a specific gravity of 1 024, 12 gm of albumin per liter, and 6,690 white blood 
cells, 96 per cent lymphocytes, per cubic millimeter Cultures and guinea-ptg 
inoculation were sterile On the day after paracentesis, a third electro- 
cardiogram revealed a normal conduction time of 0 15 second, and a slight but 
definite increase in amplitude of the QRS group, as evidence of improved 
myocardial function 

After an uneventful convalescence, the patient was discharged on March 13 
but three weeks later the heaviness in the abdomen and dyspnea returned, and 
the patient came back for a second tapping of 500 c c on May 5 On this 
occasion, the fluid contained 2,400 cells per cubic millimeter, almost entirelj 
lymphocytes Renal function tests at this time were within normal limits urea 
nitrogen 9 2 mg, plasma chlorids 625 mg, and the phenolsulphonephthalein 
output 52 per cent in two hours The specific gravity in two hourly urine 
specimens varied from 1 026 to 1 030 The electrocardiograms showed no change 
in conduction time during this readmission 

In December, 1921, after six months of freedom from symptoms, the oppres- 
sion and the signs of effusion returned, and the patient was sent in from the 
cardiac clinic for a third paracentesis^ which jnelded 550 c c On this occasion 
also the electrocardiogram recorded normal conduction time 

In the twenty months since the last tapping, there has been no evidence of 
return of fluid, and it is noteworthy that the series of electrocardiographic 
records shows a gradual increase in the size of the QRS group and a slight rise 
in the T-wave On the whole, there has been a coincident improiement in the 
man’s general condition and cardiac response 

ETIOLOGY OF HEART BLOCK 

Reference to an authoritative text ® discloses that auriculoventricular 
heait block may be divided into three groups, according to the factors 
that give rise to the depression or failure of conduction over the bundle 
of His (1) alterations in structure of the junctional tissues, (2) 
intoxications involving the bundle or its branches, (3) ner\ous influ- 
ences, chiefly through the vagi, exerted on the conduction system 

The first group undoubtedly comprises by far the greatest numbei 
of cases of block, particularly the numerous examples of inflammatoi}' 
and degenerative lesions incident to acute rheumatic ° and other infec- 
tions Gumma of the bundle is another well recognized cause of heart 
block’ The instances of sclerosis of the junctional tissues are man}, 
but here, it must be admitted, there is much lack of distinctness regard- 
ing both histology and functional pathology We have in mind, as an 
example, a person with classical complete block and convulsive attacks, 
in whom the anatomic findings were minimal in respect to fibrosis or 
other changes in the junctional tissues A senes of similar instances of 
clear-cut clinical pictures without demonstrable anatomic bases has been 

5 Cohn, A E Cardiac Irregularities, Nelson Loose-leaf Medicine Neu 
York 4 333E, 1920 

6 Christian, H A Med & Surg 1 911 1918 

7 Major, R H Stokes-Adams’ Disease Due to Gumma of the Heart, Arch 
Int Med 31 857 (June) 1923 
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reported Such observations, in the opinion of Kruinbhaar,® “tend to 
show that heart block, even when complete, may not only be temporary, 
but may depend on a much more complex condition than a simple 
lesion or destruction of the bundle of His ” 

Digitalis, of course, provides the greater number of cases in the 
second group, while a number of less commonly used drugs, diphthena 
toxin and the products of intestinal toxemia and of asphyxia have been 
found involved in specific instances 

While various lesions along the course of the vagi, of which tumors 
of, or encroaching on, the vagal ganglions and diabetic neuritis involving 
the trunks are outstanding examples, have been reported as definite 
etiologic factors m heart block, it remains commonly true that it is 
unusual for vagal effect to be other than a relative bradycardia, except 
in hearts that are already damaged This point of view is corroborated 
by the recent careful work of Kleemann ® 

In this generally accepted etiologic classification of heart block which 
we have briefly reviewed, the case that we report is not easily included 
Except for the remote possibility of tuberculosis, infectious factors 
appear to be eliminated , the impairment of conduction preceded 
administration of digitalis and was absent at the height of digitalis 
effect, after the first paracentesis, vagus stimulation was no longer 
effective, while the hypothesis of pressure on the nerve trunk by a 
distended pericardium or its contents, m a manner analogous to recurrent 
laryngeal nerve compression by auricular enlargement, dilatation or 
upward displacement of the pulmonaiy artery or aneurysm, seems 
beyond the bounds of anatomic possibility What, then, was the cause 
of the lowered conductivity of the junctional system and the abnormal 
vagal effect accompanying this pericardial effusion ^ 

The answer to this question, we believe, is to be found m the 
impaired blood supply to the bundle of His as a result of the direct 
interference with the intrinsic cardiac circulation by the pressure of 
the effusion on the coronary arteries and veins To the decreased 
arterial in-flow and the increased venous congestion thus arising, must 
be added the embarrassment of coronary circulation due to the changes 
in intracardiac pressure relations which result from compression of the 
auricles 

Besides the deductions of Calvert already mentioned, drawn from 
pathologic evidence of compression, there is accumulating clinical data 
that have an important bearing on the point at issue of a circulatory 

8 Krumbhaar, E B Adams-Stokes’ Syndrome, with Complete Heart- 
Block, Without Destruction of the Bundle of His, Arch Int Med 5 583, (June) 
1910 

9 Kleemann, M Deutsch Arch f klin Med 130 221 (Sept 26) 1919 
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K G , Feb 28, 1921 Following removal of 500 c c of pericardial liquid, P-R interval 0 IS second 
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factor in heart block Pardee has called attention to the occurrence 
of block of varying degree, usually only of delay in conduction, in 
patients with cardiac decompensation, and I have recently had an 
instance m the case of a woman aged 50, who came under observation 
complaining of shortness of bieath on moderate exeition The electro- 
cardiogiam showed a P-R inteival of 0 22 second, a delay in con- 
duction which has disappeared with restoration of cardiac sufficiency 
b}'^ rest Plerrick “ has also commented on the disappearance of heart 
block under the improved circulatory conditions bi ought about by 
digitalis therap) Twent} yeais ago, Wenckebach^- wiote that the 
powei of conduction was dependent in the first place on the presence 
of oxygen and Hii schf elder has suggested that ischemia may be 
sufficient to diminish conductivity 

A rathei striking example of this circulator} factoi in heart block 
IS a case of complete dissociation accompan}ing auricular fibrillation 
recently reported by Neuhof in which there was the anatomic finding 
of complete calcification of that small bianch of the coronary artery 
that supplied the aunculoventricular node Although the sclerotic 
changes had been of many years’ duration, and degeneration along the 
course of the auriculoventriculai arteiy was present, the history and 
clinical evidence pointed to a sudden onset of the block, presumably 
due to final complete closure of this small vessel Of doubtful impoit 
IS Gerhardt’s example of sclerosis of the artery supplying the A-V 
bundle, since cellulai infiltration in the couise of iheumatic fever was 
also present 

With such facts in mind, it seems not improbable that a certain 
number of cases of heait block, particular!) among those of a func- 
tional^'’ or transient type, may fall into a circulatoiy group, with 
diminution or failure of the blood supply to the junctional tissues as the 
immediate etiologic factor Such an ischemia or anemia of the conduc- 
tion system would serve to explain certain of the clinical and electro- 
caidiographic phenomena of block, as well as the paucity of anatomic 
findings in instances of definite clinical disease For example, some 

10 Pardee, H E B The Relation of Heart-Block to Lesions of the 
Aunculoventricular Bundle, with Report of a Case, Arch Int Med tl 641 
(Tune) 1913 

11 Herrick, W W Am J M Sc 139 246 (Feb ) 1910 

12 Wenckebach, K F Arrhythmia of the Heart, trans , Snowball, Edin- 
burgh and London, 1904 

13 Hirschfelder, A D Diseases of the Heart and Aorta, Ed 3, Philadel- 
phia, J B Lippincott Co , 1918, p 579 

14 Neuhof, S Am J M Sc 165 34 (Jan ) 1923 

15 Gerhardt, D Deutsch Arch f klin Med 103 485 (July 30) 1908 

16 Hart, T S Am J M Sc 149 62 (Jan ) 1915 




Fig 4— (A) E KL G, Dec 6, 1921, (B) Aug 17, 1922, (C) Xov 15, 1922 
These records shov, increasing amplitude of the QRS group coincident v.ith the 
patient’s general progress, normal conduction time in all 
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of the instances of block associated with hypertension might readily 
fall within this clinical group It would appear that attention directed 
toward the circulatory factor in heart block might aid m clearing up 
some of the present obscurity of its functional pathology The necessary 
anatomic groundwork has recently been reviewed and added to by 
Gross 


SUMMARY 

The occurrence of aunculoventricular heart block accompanying a 
large pericardial effusion is reported, with disappearance of the block 
following tapping 

The compressive effect* of pericardial effusion on the heart is dis- 
cussed, with particular reference to the embarrassment of intrinsic 
circulation through pressuie on the coronary arteries and veins 

Impairment oi failure of blood supply to the conduction system is 
pointed out as a possible cause of certain instances of heart block, 
especially those of transient or functional nature 

When the effects of infection, poisoning or nervous influences may 
be eliminated, the reasonableness of considering a local circulatory 
factor as a cause of block is suggested 

17 Musser, J H, Jr Heart Block Associated vith High Blood Pressure, 
Arch Int Med 20 127 (July) 1917 

18 Gross, L The Blood Supply to the Heart in Its Anatomical and Clinical 
Aspects, New York, Paul B Hoeber, 1921 



SYMPTOMATIC POLYCYTHEMIA WITH CYANOSIS 

AND DYSPNEA* 

P F MORSE, MD 

DETROIT 

The purpose of this paper is to call attention to a group of cases 
showing the clinical signs of Ayerza’s disease (sclerosis of the pul- 
monary artery) due to another pathologic condition and to offer some 
points which will aid in differentiating the various pathologic processes 
which may cause this syndrome 

Parkes Weber ^ classifies the pathologic conditions associated with 
“secondary” (symptomatic) forms of polycythemia rubra, and mentions 
the following classes of cases 

1 Polycythemia hypertonica, “Geisbocks disease ” 

2 Splenomegalic polycythemia rubra associated with tuberculosis 
of the spleen 

3 Secondary polycythemia rubra with splenomegaly connected with 
a condition of visceral blood stasis of chronic thrombotic origin in the 
portal and splenic veins 

4 “Cardiacos negros,” “Ayerza’s diseases,” due to pulmonary 
sclerosis, pulmonary fibrosis, asthma, pulmonary emphysema, chronic 
bronchitis and pleural adhesions 

5 Secondary polycythemia rubra connected with congenital or 
acquired heart disease 

It will be seen that under Ayerza’s disease, Parkes Weber groups 
all cases of erythrocytosis of pulmonary origin whether the pathologic 
process is primary in the pulmonary artery or elsewhere in the pul- 
monary or pleural tissues 

There is a distinct group of cases presenting the picture of extreme 
cyanosis, especially of the upper parts of the body, with marked injection 
of the conjunctivae, attacks of dyspnea of an asthmatic character, and 
profuse mucopurulent and bloody expectoration coupled with gradually 
developing erythremia When we examine these cases for the common 
etiologic factors concerned with cyanosis and dyspnea, we find that the 
usual mechanical factors accompanying such a condition are lacking 

Valvular disease of the heart, collections of fluid m the serous 
cavities and mediastinal tumor are ruled out in turn No outstanding 
physical signs are elicited to account for the patient’s condition The 


* From the Diagnostic Clinic, Harper Hospital 
1 Weber, F Parkes British M J 2 658 (Oct 30) 1920 
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history is usually as follows A middle aged man gradually develops 
a cough with mucopurulent expectoration The patient later notices 
that he becomes breathless on exertion and still later that definite attacks 
of dyspnea somewhat asthmatic m character become increasingly fre- 
quent, and cyanosis is giadually noticed developing as the attacks of 
dyspnea become more seveie The cyanosis gradually deepens and 
becomes especially prominent during the asthmatic attacks, but is still 
markedly noticeable in the intenm At this stage the patient usually 
seeks medical aid, and a physical examination is usually made during 
an attack while the patient is propped up in bed and is extremely 
dyspneic The dyspnea is not the typical expiiatoiy dyspnea of spas- 
modic asthma, but inspiration and expiration are equally labored, 
coupled with profuse mucopurulent sputum The face is livid, the 
lips and eais are often almost black, and the conjunctivae are a deep red 
in sharp contrast to the blue hvidity of the i est of the face The patient 
appears extremely anxious, and the accessoiy respiratory muscles are all 
called into play The chest is usually barrel shaped and emphysematous 
in type The intercostal spaces show little retraction during inspiration, 
and the abdominal movements are of the normal type Cyanosis of the 
lower extremities may be marked during attacks but is usually less 
marked than that of the head and neck In cases uncomplicated by 
myocardial exhaustion, theie is no edema of the feet and extiemities, 
and no fluid can be detected in the abdomen The apex beat may or 
may not be seen, and when noted is usually inside the nipple line and 
dififuse in character On palpation no signs aie elicited which gne a 
clue to the condition of affairs Tactile fremitus may be slightly 
decreased or definitely increased throughout On palpation of the 
abdomen, the liver may sometimes be felt below the costal margin, 
occasionally the spleen is palpable, but moie often not An especia' 
feature of the syndrome is the absence of striking splenic enlargement 
Percussion reveals a somewhat hyperresonant note such as is 
expected m emphysema The area of caidiac dulness is not enlarged, 
and the light border of the heart is obscured by the hyperresonant 
anterior border of the right lung In some cases an indefinite widening 
of the substernal dulness can be made out above the heart Auscultation 
of the cardiac apex brings out a normal or practically normal first sound, 
and a normal relation between the first and second sound is noted at the 
base During an asthmatic attack gallop-rhythm may be noted, and 
after a prolonged paroxysm an indefinite systolic murmur is often 
associated with the gallop-rhythm and heaid thioughout the paroxysm 
In the intervals between the attacks of dyspnea, all cardiac signs are 
negative The breath sounds are emph3'^sematous in type with prolonged 
harsh expiration Many rales of all types are heard during the asthmatic 
attacks, and the vibrations of coarse ihonchi may even be felt through 
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the chest wall The sputum is copious, mucopurulent m chaiacter, richl} 
blood streaked, or diftusely pink during the parox}sms and may ha\e 
special features such as anthracotic phagoc}tes Curschmann’s spirals, 
Charcot Le 3 ’^den cr 3 ^stals, or eosmiphilia such as are found m tiue asthma 
are lacking 

The outstanding feature of the laborator 3 ’- findings is the P 0 I 3 C 3 - 
themia of moderate grade The red count is 7,500,000 or o\er, and 
usually not below 6,500,000 Hemoglobin estimations lange fiom 100 



Fig 1 — Extreme pulmonarj anthracosis ^Mth cavitation 


to 120 per cent The leukoc 3 te count is slighth ele\ated or noimal 
with a normal percentage relation of the various white cells The urine 
has no special featuies 

It will be noted that thus far we have etidence of a seveie distur- 
bance of aeration of the blood, c 3 anosis, dyspnea and polyc 3 themia 
without the gross mechanical factors mentioned abo\e to account for it 
The difficulty must be sought in a disease of the external respiratory 
membranes themsehes lather than in some gross mechanical factor — 
that IS, in those tissues concerned in the interchange of gases between 
the outside air and the blood 
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The pathology of one group of these cases was first recognized by 
Ayerza under the title “cardiacos negros” (Warthin-) and especially 
emphasized by Warthin - in America , by F Parkes Weber ^ m England 
and by Bezancon ® m France 

The following records are given to show that typical clinical signs 
of “cardiacos negros” or “Ayerza’s disease” are not uncommonly found 
due to diffuse fibrosis and destruction of the pulmonary parenchyma 
from extreme anthracosis as in the case of coal miners oi to chronic 
diffuse infection of unknown etiology 

REPORT or CASES 

Case 1 — Histo )^ — A. man, aged 40, complained of cjanosis and dj'spnea 
The patient was admitted to the hospital in a wheel chair and was put to bed 
He was of Polish extraction He rested propped up m bed His respirations 
were 20, pulse 96, temperature 98 8 F There was marked cyanosis m\olvmg 
the entire body but most marked about the lips and ears His breathing was 
regular, there was no particular distress He said that he had no pain He 
was at once sent out on the fresh air pavilion Oxygen w'as given, and the 
c 3 arosis cleared up wnthin a few minutes He w’as talking rationally and 
said that he w'ould be all right after resting a little w'hile 

The patient said that he had had a similar sickness about one year before 
and had quickly recovered He had gone back to w’ork and had been working 
steadily ever since A friend said that he had been drinking a good deal of 
“moonshine” whisky The friend said that the patient had frequently been 
“fighting” drunk His wife said that the patient had had a cough for the past 
eight years and that he had been raising blood for the past two years He 
had been employed all his life as a coal miner or w'orker in coal j'ards He 
had had several attacks of cyanosis He had been mildly delirious at home 
On several different occasions his clothes had been set on fire He had been 
taken to the hospital in January with a condition of marked cyanosis, from 
w'hich he had recovered A diagnosis of polycj'themia had been made The 
blood cells numbered 7,500,000 

Phxsical Examuiafwn — The patient ivas resting in bed There was marked 
cyanosis of the lips, eais and hands There was a lesser cjanosis co-vering the 
entire body He was perfectlj'^ conscious and talked freely His head, eves, 
ears and nose were negative His teeth were in poor condition There w'as 
marked pyorrhea There was a small ulcer on the mucous membrane of the 
lower lip w'here it touched the sharp edge of a tooth There wms a thick 
yellow'ish secretion in the mouth The throat w'as reddened There w'as no 
rigiditj' of the neck The chest was poorly nourished, symmetrical m shape 
Intercostal spaces were prominent Respiration w'as equal on the two sides 
Respiration was thoraco-abdoininal in type Tactile fremitus w'as normal 
throughout the entire chest There was hj'perresonance throughout The breath 
sounds were roughened with a few rales found m the upper right anterior part 
of the chest Coarse vibrating rhonchi were heard throughout There was no 
cardiac impulse visible or palpable The borders of the heart could not be 
made out The heart sounds were distant No distinct sound could be heard 
The radials were equal, full and regular, w'lth a rate of 96 per minute There 
W'as no palpable tumor mass There was some muscle rigidity of the abdomen, 

2 Warthin Contributions to Medical and Biological Research Dedicated 
to Sir William Osier, New York, Paul B Hoeber, 1919, p 1042 

3 Bezancon, F La Presse Medicale, 28 885, 1920 
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but this was more voluntary than involuntary Examination of the genitalia 
was negative, as were the neuromuscular and joint examinations 

Labotatoiy Findings — The blood count revealed 6,920,000 red blood cells, 
11,100 white blood cells, 79 per cent of polymorphonuclears and 21 per cent 
of mononuclears Urinalysis revealed specific gravity, 1008, acid, clear, 
straw color, free from sugar, trace of albumin Throat culture showed staphylo- 
coccus and streptococcus The throat smear was negative for Klebs Loffler 
bacillus There were many pus cells Sputum examination was negative for 
tubercle bacilli It showed free red blood The blood Wassermann test was 
negative There were 37 5 mg noncoagulable nitrogen per 100 c c of blood 
and 55 1 per cent by volume of carbon dioxid 



Fig 2 — Extreme pulmonarj' anthracosis with cavitation 


Rocntgcn-Ray Rcpoit — A fluoroscopic stud}" was made of the chest No 
definite deformity of the heart shadow could be demonstrated The size of 
the shadow was within the normal limits Definite accentuation of the root 
shadows was noted, also prominent linear markings and some diffuse paren- 
chymal infiltration The appearance of the fluoroscopic picture was not that of 
a circulatory pathologic condition 

Roentgenograms uere made of the chest There were extensive root shadows, 
with the deposit largelj diffuse on the left side and in part calcified on the 
right There were also some calcified masses m the lower part of the right 
lung and in the parenchjma adjacent to the left root There were prominent 
linear markings as described m the fluoroscopic notes The roentgenologist 
concluded that the findings were those of a chronic infection or changes incident 
to dust inhalation The patient said he was a coal worker and this occupation 
could account for most of the lung changes 
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Comment — It will be noted that this case difteis fiom typical cases 
of scleiosis of the pulmonaiy aitery in the absence of the peculiar 
changes in the caidiac roentgenographic shadows emphasized b} 
Warthin 

Case 2 — Hisloiy — man, aged 48, a coal miner, entered the hospital on 
March 15, complaining of drops\, cough and pain m the chest He had had 
this trouble for six months The family historj^ was negative The patient 
had had pneumonia at 20 eears of age otherwise he had never been sick in 
bed until six months before, when he caught a had cold, and he had coughed 
ever since At that time he weighed 180 pounds (816 kg) and was ver}' well 
and strong, but since then he had graduall}' lost weight, until he was markedlj 
emaciated and too weak to walk He had drunk heavilj until three jears ago 

Physical Examination — The patient was a man of middle age, large of frame, 
but markedly emaciated He was propped up m bed and was markedly dyspneic 
There was general cyanosis, especially marked in the upper portion of the bodj , 
the lips and ears were deep blue-black, the conjunctuac were dark beefj red 
He coughed almost contmuallv and expectorated large quantities of purulent 
sputum colored with bright pink blood The pupils reacted normally The 
tongue was heavily coated, and the teeth were m very poor condition The 
veins of the neck pulsated markedlj', and the cervical glands were palpable 

The chest was of the emphv sematous tvpe, and there were numerous dis- 
tended venules over its anterior aspect Expansion was equal on the two sides 
There was well marked tactile fremitus with a hjperresonant percussion note 
throughout Moist and musical rales and coarse rhonchi were heard over all 
the lung areas, front and back The heart could be outlined bv percussion No 
apex beat could be seen Only a faint first sound was heard at the nipple In 
the aortic and pulmonic areas the first and second sounds could be heard and 
were of normal quality At the ensiform and 2 inches to the right of the 
sternum in the sixth interspace a long blowing systolic murmur was made out 
The liver was felt to extend one hand’s breadth below the right costal margin 
and was tender The spleen was not felt There was marked edema of both 
legs (During the patient’s staj' in the hospital ascites and edema of the 
scrotum developed ) 

Laboiatoiy Findings — Blood count rev'ealed hemoglobin, 95 per cent (^) 
(Talquist) , leukocytes, 7,400, polymorphonuclears, 78 per cent , small lympho- 
cytes, 16 per cent , large lymphocytes, 6 per cent , led cells 6,360,000 No 
abnormalities were noted m the stained smear Blood pressure was sj'stohc, 130, 
diastolic, 80 The urine contained a trace of albumin and an occasional granular 
cast In the sputum were pus and “heart failure’’ cells No tubercle bacilh, 
eosmophilia or spirals were found 

Roentgen-Ray Examination — Examination of the chest revealed extensive 
infiltration of both lungs below the clavicle, a wide mediastinal shadow and 
rotation of the heart shadow The roentgenograms suggested advanced tuber- 
culous infiltration of the lungs and aortitis 

Because of the dense shadow at the base of the heart a clinical diagnosis 
of mediastinal tumor had been made The patient died on May 3 with signs 
of cardiac failure 

Neciopsy — The bodv was that of a man past middle age, and poorly 
nourished General anasarca was present, especially of the lower limbs There 
was bluish back suggillation on the inner side of the right leg The chest was 
barrel shaped Petechial spots covered the thorax There was marked cyanosis 
of the face and neck 

On section it was found that a clear amber ascitic fluid filled the entire 
abdominal cavuty The peritoneum was normal , the panmculus was scanty 
The muscles were pale and watery 
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The dome of the diaphragm was in the fourth interspace on the right and the 
fifth on the left 

' The liver was four fingerbreadths below the ribs in the parasternal line 
Superficial inspection of the abdomen was negative 

The right pleural cavity contained no fluid The left pleural cavity was 
full of dark amber fluid There were old adhesions on the left lung which was 
retracted from the chest There were old adhesions at the base The peri- 
cardium was adherent to the sternum m front 



Fig 3 — Cardiac dilatation and pulmonary fibrosis in a patient with a posi- 
tue Wassermann reaction 


The apex of the heart was the fifth nb outside of the nipple line The 
pericardium contained 200 c c of clear amber fluid 

The right lung adhered to the base behind by old adhesions The heart 
was dilated The right ventricle had chicken fat clot extending into the 
pulmonary artery The tricuspid ring was dilated, the tricuspid valves were 
negative The right auricle was empty The ear of the auricle had a small 
postmortem clot, the left lentricle had a small amount of postmortem clot 
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The mitral vahe admitted two fingers with ease A small postmortem clot 
was tangled m the mitral flap The first part of the aorta showed linear 
sclerosis The muscle of the left ventricle was normal . 

The right lung was \oluminous The pulmonar}'^ vessels were dilated and 
thin walled, but no other gross lesion of the pulmonary arter} was noted 
Both lungs were slate-like m color (Figs 1 and 2) and were uniformly 
gritty on cut section When handled, coal black rubbed off on the prosector’s 
fingers There were numerous ca\ities from 1 to 5 cm in diameter in both 
upper lobes formed by the breaking down of atrophic alveolar septums There 
was a mucopurulent discharge streaked with black m all the bronchi The 
mediastinal lymph nodes were large and jet black, but no tubercles were dis- 
covered in them The lung was full of small hard black nodules throughout 
The pulmonary artery was emptj' The left lung was covered with fibrinous 
exudate under which were areas of yellow thickened ' pleura Large cavities 
111 the left lung were hollowed out b> breaking down the anthracotic lung 
tissue There w'as no lesion of the pulmonary arterj 

The spleen w'as smaller than normal The capsule w'as thickened There 
was diffuse darkening of the pulp Malpighian bodies were not visible 

The left suprarenal w'as larger than normal On section the medulla was 
found to be prominent The left kidney show'ed depression of the upper pole 
The cut surface appeared congested There w'ere no gross changes of impor- 
tance The right kidney w'as normal m size On section it appeared to be 
congested The right suprarenal also w'as larger than normal 

The liver was, smaller than normal There was a whitish scar on or near 
the right edge Fatty change and congestion were found on section, there 
W'as no increase in the connectne tissue 
The pelvis was normal 

The appendix was retrocecal, bound down b\ adhesions 
Diagnosis Anthracosis of the lung and cavitation, emphjsema, cardiac 
dilatation 

Comment — This case lesemblecl Ayerza s disease clinically moie 
than the first one, because of the bioadening of the base of the cardiac 
shadow The significant featuies are the histoiy of coal mining and the 
roentgen-ray ewdence of ptilmonaiy fibiosis The aortitis and tuber- 
culosis suggested by the roentgen i ay wei e not confii ined by postmortem 
examination Ihe pathologic condition was such, however, as to make 
it indistinguishable fiom tubeiculosis i oentgenologically The cavitation 
due to breaking down of coal dust laden septums in the lung paienclnina 
was stiikmg Here again we ha\e the syndiome of cjanosis, dyspnea 
and polycythemia with chest findings indistinguishable fioin tiue 
Ayerza’s disease but due to extensne anthracosis 

Case 3 — Histoty — A man, aged 42, a laborer, entered the hospital on account 
of dyspnea, cyanosis, cough and expectoration His past history was char- 
acterized bj' frequent and repeated acute infections, including scarlet fever, 
smallpox, measles, whooping cough and malaria He had been in the hospital 
for two w'eeks two years ago for “kidney trouble” He had had “asthma” for 
ten or twelve years, associated with “kidney trouble,” and he had had gonorrhea 
tw'enty years ago His social and marital histones were negative He had five 
children alive and well His family history was negative Six w'eeks before 
entering the hospital his asthma became worse and marked cyanosis and swell- 
ing of the extremities w'as noticed He began to expectorate large quantities of 
blood tinged sputum 
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Physical Es,aimnation — The patient was propped up in bed and markedlj 
dyspneic and cyanotic His face and neck w'ere especially cyanotic, and the 
conjunctivae w^cre a dark beefy red The pupillary reactions and ocular mo%e- 
ments w’-ere normal The ears and nose w'ere normal The tongue was coated, 
and the teeth w^ere m a bad condition with numerous caMties and extensne 
P 3 ’-orrhea No pulsations were noted in the neck 



Fig 4 (Case 4) — Early stage of pulmonarj fibrosis 


The chest was barrel shaped and emphysematous Respiratory excursion 
was increased and the accessory muscles of respiration brought into play The 
apex beat w'as not seen On percussion the cardiac borders were not accurately 
made out because of hy^perresonant lung sounds Auscultation revealed heart 
sounds of normal quality and rhythm, and many musical rales and coarse 
rhonchi were heard throughout the chest The abdomen was negative to the 
usual methods of physical examination There was marked edema of the feet 
Neuromuscular and joint examination was negative 
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Labo) atoi y Findings — Unnalj'sis revealed a trace of albumin with a few 
granular casts The blood count revealed red cells 7,700,000, white cells, 7,600, 
polymorphonuclears, 80 per cent , small mononuclears, 16 per cent , large mono- 
nuclears, 4 per cent , hemoglobin, 100 per cent The smear showed an occasional 
nucleated red cell 

Roentgenologic Report — The chest findings were The heart was considerably 
enlarged through the ventricles, especially the left There was marked density 
shown at the hilum of the lung on both sides The aortic shadow was not 
widened The shadow of the hilum was considerably enlarged on the right, and 
there was diffuse fibrosis of both lungs The blood Wassermann test was 
positive 

Treatment and Course — During the next w'eek the patient exhibited no 
change of condition except marked lethargy and somnolence The man was 
given vigorous mixed treatment and left the hospital slightly improved He 
then disappeared from observation 

Comment — It is evident fiom examination of Figme 4 that the 
majoi pathologic role in this case was piobably pla}ed by the heait 
The amount of pulmonar}'’ fibrosis, while maiked enough to be men- 
tioned by the loentgenologist, vv’^as not thought to be as impoitant as the 
caidiac finding 

This IS an example of a case in which the diagnosis is in doubt 
as legal ds the natuie of the undei lying lesion The positive Wassermann 
test along with the long history of “asthma” is suggestive of a syphilitic 
basis foi the cardiac injui}, but a lesion of the pulmonaiy aiterv could 
not be pioved 

CvsE 4 — Histoiy — A woman, aged 32, married, entered the hospital on 
account of dyspnea and cyanosis which had been present for the past three 
months The family and marital histones were negative She had had the 
usual childhood diseases and pneumonia at 11 years of age, with good recovery 
She had had no other illnesses She had never had a sore throat For some 
months past, the patient had noticed gradually increasing breathlessness on 
exertion She had passed through two normal pregnancies She had had 
acute appendicitis early m her second piegnancy and had been operated on, 
with good recov erj' 

Physical Eiaininatwn — \ fairly well nourished voting woman was Ijmg m 
bed There was marked pallor of the skin, but the lips, face and extremities 
showed marked cyanosis The venules over the anterior thorax were prominent 
The breathing was rapid and deep as though the patient had recenth^ been 
running, but no respirator}^ obstruction appeared to be present There was 
a slight cough and a moderate amount of sputum The apex beat was seen 
in the fifth interspace within the nipple line Ihe heart rate was 104 and the 
respiration 34 Percussion revealed cardiac dulness extending to the nipple line 
and normal resonance throughout the chest Auscultation revealed rapid heart 
sounds, abnormal in quality No murmurs were heard The breadth sounds 
were rather harsh but vesicular in quality, and no areas of consolidation were 
made out There were a few dry rales at the apexes The abdomen and 
extremities were negativ^e Neuromuscular and joint examination was negative 
Laryngeal examination was negative The tonsils were enlarged with cheesy 
detritis m crypts Sputum examination revealed a few leukoevtes and strepto- 
cocci The patient did not have a rise m temperature while in the hospital 

Laboratory Findings — Blood examination rev'ealed red blood cells, 5,920,000, 
while cells, 14,700, polymorphonuclears, 78 per cent , small mononuclears, 10 
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per cent , large mononuclears, 11 per cent , eosinophils, 1 per cent The blood 
Wassermann test was repeatedh' negative Urinahsis A\as negative 

Roentgenologic Examination — Examination of the chest gave rise to some 
controversv One roentgenologist interpreted the findings as indicating media- 
stinal tumor , two others held that the picture was that of pulmonarj fibrosis ot 
nontuberculous character, and the medical director of a large sanatorium for 



Fig S (Case 4) — Late stage of pulmonary fibrosis 

the care of tuberculous patients, alter seeing several films of the chest and 
examining the patient repeatedl}', said that m his opinion the condition was 
tuberculous 

A large number of chest films were made over a period ot two vears and 
showed all stages trom diffuse fibrosis of moderate grade to intense opacitj 
at the mediastinum and bases, so that just before death the diagnosis of neo- 
plasm seemed more probable, although the roentgenologists who took the plates 
insisted that the condition was not neoplastic but inflammatorv in nature 
(Figs 4 and 5) 
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Diagnosis Several clinical diagnoses were made by various consultants, 
among them pulmonary tuberculosis, mediastinal tumor, lymphosarcoma of the 
bronchial glands and diffuse pulmonary fibrosis due to infection of unknown 
origin The outstanding features were as noted, djspnea, cyanosis and polj- 
cythemia without evident gross intrathoracic pathology to account for the 
syndrome until the roentgen-ra}' findings shortl}^ before death revealed the 
marked pulmonary fibrosis 

Neciopsy — The body was that of a fairly well nourished woman about 20 
years of age The skin was pale, with marked cyanosis of the lips and finger 
tips There were no external markings of importance Necropsy permission 
was limited to examination of the thorax On opening the thorax we found the 
thimus persistent but not enlarged and extending down to the ear of the right 
auricle The pericardium was normal The tissues of the anterior mediastium 
were thickened and contained lymph nodes which were somewhat enlarged 
and on section showed definite inflammatory reaction No tubercles or neo- 
plastic process was found The heart was definitely hypertrophied There was 
well marked sclerosis of the first portion of the aorta and definite sclerosis of 
the first portion of the pulmonary artery The sclerosis was nonspecific in tjpe 
Both lungs were uniformly hard and on removal were found to be small and 
dense They were uniform externally and presented no nodules or localized 
areas of infiltration The condition of the whole lung resembled that of a 
diffuse unresolved pneumonia There was uniform increase of the connective 
tissue extending out from the bronchial tree to the cortex No tuberculous 
process was present 

Microscopic examination showed diffuse round cell infiltration of the lung 
parenchyma accompanied by a uniform productive pneumonitis 

Diagnosis Chronic infectious pneumonitis, chronic mediastmitis, pulmonar\ 
fibrosis, secondary sjmptomatic poljcythemia 

Comment — The point of enti} of the infection in this case is 
unknown, but it is assumed to be the tonsils since they were leported 
giossly pathologic by the laryngologist The case differs from the others 
in several particulars Theie was no orthopnea even when the dyspnea 
was at its worst The breathing was of a peculiar rapid quality 
lesembling that of a runner rathei than laboied and difficult as is 
usual in these cases The cyanosis was confined to the lips and finger 
tips, and the face was not suffused or the conjunctivae injected The 
white count showed a distinct reaction to infection in spite of absence 
of fever, although this phenomenon might well have been considered, 
and was indeed so interpreted by one consultant, as being due to 
neoplastic extension with breaking down of the immune processes 
against malignancy 

The microscopic picture w as that of active diffuse pneumonitis with 
extensive round cell infiltration and thickening of the alveolar septums 
due to proliferation of young fibroblasts There was distinct alveolar 
catarrh, with desquamation and proliferation of the alveolar epithelium 
There was no lesion of the branches of the pulmonary artery (Figs 
6 and 7) 
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COMJklENT 

It IS eMdent that the S}ndrome described abo\e depends on tlie 
pulnionar}’- fibrosis caused in two cases by coal dust and in the third 
and fourth by irntation and infection of unknown origin In none of 
them were the lesions of the pulmonari’^ artery significant In a fifth 
case there was extensive pulmonary arterial syphilis unaccompanied by 
the Aierza sindrome because of the absence of the necessar}* degree of 
pulmonari fibrosis This case was one of aortic aneur}sm in which 



Fig 6 (Case 4) — Diffuse pneumonitis iMth fibrosis 


death w^as due to rupture into the pleural cavity At the postmoitem 
examination, extensive sjphihs of the pulmonary artery was found 
besides the lesion in the aorta The condition w^as relatn ely actu e and 
recent wuth patchy areas of fibrosis in the lung interspersed with large 
amounts of relatively normal lung parenchyma The case history and 
physical findings are not gn en in detail because the case did not resemble 
the other ones in an} w ay clinically There was no c} anosis and dyspnea, 
and a moderate anemia w as present instead of an erythremia 
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The de\elopinent of the pol}cythemia in the first foui cases is easily 
understood and was a prominent feature of all of them Legge'* has 
recently leported that the syndiome caused by inhalation of quartz 
dust b\ gold minei s is unaccompanied by polycythemia but is especially 
characterized by maiked anemia Apparently the anemia must be 
explained by other factois at woik m these cases besides the pulmonary 
iriitation, because the pulmonaiy pathology pei se would tend to pioduce 
the opposite effect Pulmonary fibrosis m general due to whatever 
cause tends to produce eiythrocytosis, unless other factors pi event its 
dev elopment 



Fig 7 (Case 4) — Diffuse pneumonitis with filirosis and aheolar catarrh 


SO MM VRY 

Five cases are repoited, foui of which present clinical featuies 
closely resembling Ayeiza’s syndiome but due to pulmonary fibrosis 
lather than primaiy disease of the pulmonary artery The fifth case 
illustiates the fact that extensive pulmonary arterial syphilis may occur 
without Ayerza’s syndrome 

4 Legge, Robert T Miners Silicosis, J A M A 81 809 (Sept 8) 1923 









DIRECT BLOOD-STREAM INFECTION THROUGH 

THE TONSILS ^ 

S J CROWE M D 

BALTIMORE 

“Do the tonsils show an} peculiar anatomical structure or possess 
an} specific ph} siolog}^ or undergo pathologic changes that w ould make 
them more liable to act as a gateway of infection than other structuies 
in the bod} ^ The histologic factors in chronic tonsillitis are (1) loss 
of epithelium on the surface or in the cr}pts , (2) the presence of masses 
of keratinized epithelial cells in the cr}pts, (3) Inperplasia of endo- 
thelial cells (4) accumulation of plasma cells hmphocxdes and leuko- 
cites around the margin of the cr}pts, (5) evidence of hemorrhage in 
the parench}ma or in the lumen of the cr}pt, (6) the presence of poh- 
morphonuclear cells and 1} niphoc} tes in the epithelium lining the 
cr}pts, (7) the piesence of bacteria in the cr}pt epithelium and in the 
parench}TTia of the tonsil (prohabh in l}mph channels or blood vessels) , 
(8) thickening of the capsule and increased fibrosis of the trabeculae 
In ever} case of acute tonsillitis and in a majority of those with a 
chronic tonsillitis the 1} mph glands of the deep cer\ ical group near the 
angle of the jaw are palpably or Msibh enlarged, and suggest that the 
portal of entry is through the 1} mphatics 

In a previous publication,- in 1916, I insisted that the tonsils oi 
adenoids could not he responsible for a general s}stemic disturbance, 
such as infectious arthritis, unless there was a palpable enlargement of 
the lymph glands in the neck, and for many }ears such patients were 
advised that there was no indication for an operatne remoral of their 
tonsils or adenoids Man} of these patients, howerer, subsequently 
informed me that after leaving the Johns Hopkins Hospital the} con- 
sulted another ph}sician wdio advised a tonsillectoni} , and that soon 
after the operation their s} mptoms began to improve and ultimately the} 
w^ere cured This stimulated us again to study histologically our collec- 
tion of tonsils and adenoids (remored from 3 000 patients during the 

# 

*From the Department of Surgerj of the Johns Hopkins Uni\ersit\ and 
Hospital 

* Presented before the Aledical Societj of the Johns Hopkins Hospital in 
Nor ember, 1923 

1 Wood, G B Dangers of Tonsillectomy, Am J M Sc 154 88 (Aug ) 
1917 

2 Crowe Watkins and Rothholz Relation of Tonsillar and Nasopharyngeal 
Infections to General Srstemic Disorders, Bull Johns Hopkins Hosp 28 1-63 
(Jan) 1917 



474 


ARCHIVES OF INTERNAL MEDICINE 


past ten years) in order to see whether we could demonstrate a direct 
infection of the vascular system 

Our first encouraging finding was the fact that the epithelium on the 
surface and the epithelium lining the crypt differ markedly m their 












/j! , 








Fig 1 — Section of a normal tonsil, showing the difference between the 
epithelium on the surface and that lining a crypt a, lumen of crypt, b, lymph 
follicle, c, epithelium on oral surface, d, epithelium lining a crypt The rich 
blood supply of the crypt epithelium may be noted 

blood suppl}' Figure 1 shows the appearance of a normal crypt The 
epithelium here has papillae similar to those m the skin, and, like the 
skin, IS rich in capillaries A complete absence of or a marked hyalini- 
zation of the epithelium lining the crypts is the most common finding m 












CROWE—INFECTION THROUGH TONSILS 


475 


tonsils removed at operation It is uncommon to find any changes in 
the epithelium on the surface of the tonsil (Fig 2) This suggests 
that the destiuction or localized ulceration of the epithelium in a crypt 
(as shown in the remaining illustrations) is associated with a thrombosis 
of the blood vessels that are normally present in this epithelium 

These findings suggest that the general systemic disturbances asso- 
ciated with a chronic tonsillitis or a chronic nasopharyngitis may be due 



Fig 2— Section of a clironicallj' infected tonsil a, o’ lumen of crypt partially 
Idled with cellular debris and inflammatory cells The complete destruction 
of the epithelial lining of the crypt may be noted, b, epithelium on the oral 
surface, thickened hut otherwise normal, c, accumulation of plasma cells, 
lymphocytes and leukocytes around crypt 

to direct blood-stieam infection The destruction of the epithelium 
lining the crypt may be acute and widespread, and if there is good drain- 
age from the ciypt into the oral cavity the ulcerated area may heal 
rapidly If an ulceiation of the epithelium occurs in a crypt m which 
there is a stricture at the orifice, the resulting accumulation of cellular 
debris and bacteria prevent healing, and a chronic ulcer results, with 
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Fig 3 — The bottom of the crypt shown m Figure 2 a, lumen of crypt filled 
with debris , h, germinal centers The absence of the lining epithelium may 
be noted 
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Fig 4 — A common finding m chronic tonsillitis a, lumen of a crj^pt The 
absence of lining epithelium may be noted A rich network of capillaries sur- 
round the crypt on all sides Under a higher magnification, red blood cells 
are seen in each of the areas indicated by b 
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Fig 5 — The bottom of a crypt with a localized chronic ulceration This 
tonsil was removed as a possible focus that was causing an infectious arthritis, 
with a clinical recovery a, remains of epithelium lining the crypt, b, inflam- 
matory cells in bed of an ulcer, c, rich network of capillary blood and Ivmph 
channels m bed of ulcer 
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Fig 6 — Section of a tonsil removed for infectious arthritis, with a clinical 
recovery, a, lumen of crypt, b to b, normal epithelium lining crypt, c, capillaries 
containing red blood cells , d, inflammatory cells in the base of an ulceration , 
c, area of destruction of epithelium, /, a clump of bacteria and cellular debris 
in lumen of crypt 
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cin exceptionally iich network of blood vessels in its base It is easy 
to imagine, but difficult to prove, that fiom tune to tune emboli con- 
taining bacteiia enter the blood stieain diiect, m addition to those that 
gam entrance thiough the large lymphatic channels in the tonsil 



Fig 7 — Localized ulceration in a crypt Tonsil removed from a patient with 
infectious arthritis, with a clinical cure a, lumen of crypt, b, area of ulcera- 
tion, c, normal crypt epithelium 

It is well known that in many cases of infectious aithiitis a hemolytic 
streptococcus may be cultivated from a gland lemoved fiom the groin, 
the popliteal space, the axilla or the neck Blood lemoved from an aim 
vein m such cases laiely contains organisms, but it is possible that if 
blood were removed fiom the jugulai vein a positive ciiltuie might 
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lesult in those cases in which the focus of infection is located in the 
upper lespiiatoiy passages 

It also seems reasonable to suppose that a careful microscopic 
seaich might disclose ulceiations in the lymphatic tissue in the intestinal 












f*- 

V *1 ■* 


mm 






s,w,i '"i- 

ivs:- " >> 

Fig 8 — Chionic infection of the lymph-adenoid tissue in the nasopharynx 
A chronically infected nasopharynx is of equal importance with the tonsil as 
a focus of infection a, small arteries containing thrombi, h, a normal vein 
filled with blood, c, ciliated ephheliiim lining a crypt, d, accumulation of 
inflammatorv cells 


wall similai to those that occui in the ci3rpts of the tonsils A digestive 
distui bailee is usually associated with eveiy acute infection and with 
many chionic infections of the tonsils, adenoids and accessoiy nasal 
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sinuses It is possible that the lymphoid tissue of the intestinal tiact 
IS infected with the swallowed discharge In children, paiticulaily, a 
colon bacillus pyelitis frequently follows an acute upper lespiratory in- 
fection Whether this is due to an exacerbation of a low grade chronic 
infection in the urinary tract oi to a hematogenous infection is not 
known 

SUMMARY 

The epithelium lining the crypts of the tonsil differs from that 
covering the surface The crypt epithelium has papillae and a iich net- 
work of capillaries, while the epithelium covering the surface of the 
tonsil has but few capillaries and no papillae A destruction of the 
ciypt epithelium, in whole or m part, is the most common pathologic 
finding m chronic tonsillitis In the majority of the tonsils examined 
microscopically, the ulcerated areas in the crypts have healed , in others 
there are definite chronic ulcers 

These ulcerated areas are suriounded by an accumulation of plasma 
cells, lymphocytes and leukocytes There is a rich network of throm- 
bosed capillaries and lymph channels aiound the margins of the ulcers, 
and the conditions seem favorable for the passage of organisms into 
the lymphatic system and the hbeiation of infected emboli into the blood 
stream We have found such ulceiated areas most fiequently in the 
tonsils of individuals suffering from infectious arthritis, and least fre- 
quently m those in whom the tonsils were removed for acute rheumatic 
fever and chorea A few of the arthritic patients whose tonsils show 
histologic ulcers in the crypts have no palpable enlargement of the cer- 
vical lymph glands, and the findings in these cases suggest a direct blood 
stream infection This supposition is strengthened by the fact that this 
type of lesion in the crypt is found most commonly in patients with a 
variety of arthiitic involvement (infectious arthritis) that responds most 
fiequently to the removal of an infected focus and general hygienic 
measures 



HISTOLOGIC HYDROGEN-ION STUDIES OF 
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CHICAGO 

Studies of nephritis and renal function have included much work on 
the blood and urine, especially that done in connection with hydrogen-ion 
concentrations They have included little work on the secreting cells, 
however The present studies weie undertaken in an attempt to deter- 
mine what parts of the uriniferous tubules are responsible for an acid 
01 alkaline reaction of the urine It was felt that the localization of such 
determining function would yield data of value concerning the normal 
and pathologic physiology of the kidney The hydrogen-ion concen- 
trations m the secreting cells and in the urine were determined simul- 
taneously under varying conditions The following phases of the 
problem have been considered 1 Where is the reaction of the urine 
determined^ 2 How is it detei mined ^ 3 What effect has altering 

the reaction of the urine on the normal findings^ 4 What effect has 
nephritis on the noimal findings^ 5 What effect has alkali therapy on 
the findings in nephritic kidneys^ These investigations were carried 
out by the use of vital indicator dyes introduced into the living animal 

In 1885, Dresser ^ used dyes in vivo for their indicator reaction, 
injecting acid fuchsm into frogs In an acid solution the dye is red, 
m alkaline, yellow He found that following an injection of acid fuchsm 
the urine became brilliantly red, but no red cells were demonstrable in 
the kidney After repeated injections the cells of the convoluted tubules 
and the straight tubules became red Fischer ^ explains this on the 
basis that repeated injections of acid fuchsm, which is a weak acid, 
injure the cells and thus cause an acid reaction Dresser also found the 
cells stained red when the renal ai tery was tied, and the cells asphyxiated 
Nussbaum ® and Heidenhain,^ working with indigosulphonate, obtained 
essentially similar results Grutzner found that the glomeruli could 
also be stained with indigosulphonate, showing an acid reaction, when 
sufficient asphyxia was produced in the kidney These results and 
Fischer’s conclusions are essentially in accord with those described 
below 


From the Hull Laboratory of Anatomy and the Hull Laboratory of 
Physiology, University of Chicago 

1 Dresser Ztschr f Biol 21 41, 1885 Ibid , 22 56, 1886 

2 Fischer Edema and Nephritis, New York, John Wiley & Sons, 1915 

3 Nussbaum Pfluger’s Arch 16 141, 1878 

4 Heidenhain Pfluger’s Arch 9 1, 1875 

5 Grutzner Pfluger’s Arch 24 461, 1882 
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Harve} and Bensley,® Edinger/ Frankel ® and otheis have used 
similar indicator d>e methods in connection with the secietion of hydro- 
chloric acid or its precursor by the gastiic mucosa Haivey and Bensley 
used neutral led successfully, and Edingei sodium ahzaiinate Hoeber ” 
and Sorensen give excellent discussions on indicatory dyes as applied 
to physiologic woik Marshall and Vickeis,^^ in studying the renal 
secietion of phenolsulphonephthalein, obseived the dye m the convoluted 
tubules of the kidne)'' of the dog 

MCI HODS 

The first problem which piesents itself in undertaking to determine 
intracellular hydrogen-ion concentrations by means of vital mdicatcis 
IS the choice of the dyes An indicator to be of use must fulfil all 
the following conditions It must be nontoxic, it must be leadily 
absorbed by living cells and theiefore be soluble in tissue fluids, it must 


Nature of Coloi Changes and Hydi ogen-Ion Concent) atwns at 
Which These Occui 
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Neutr il 
Slightlj 
all ilinc 


show a marked, leadily detected color change, and last, the end-point 
must be at a hydiogen-ion concentiation within the lange of the changes 
in living cells The last requirement is the most essential one 

Three dyes were found to be of great value and were used in this 
series of experiments Several dyes were tried and discarded, especially 
because the end-point of color change was at too high a hydrogen-ion 
concentiation For example, Congo led, methyl led, and diniethyla- 
midoazobenzol have end points between pn 10'® and pu 10~®, so that 
they give an akaline reaction in puie distilled water Binschadler’s gieen 
was useless because of its toxicity The three dyes used successfully 
were neutral red, sodium ahzaiinate and azohtmm 

6 Harvey and Bensley Biol Bull 23 225, 1912 

7 Eainger Arch mikro Anat 17 , 1879 

8 Frankel Arch f d ges Physiol 48 63, 1891 

9 Hoeber Physikalische Chemie der Zelle u Gewebe, 1914, pp 170-173 

10 Sorensen Biochem Ztschr 21 131 and 304, 1909 

11 Marshall and Vickers Bull Johns Hopkins Hosp 34 1, 1923 
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Azolitmin has the same color changes as litmus, and can be obtained 
as a pure dye It changes color at the same level as neutral red, about 
pji 10"^, or at the true neutral point of pure distilled water Sodium 
ahzarinate is somewhat less satisfactory It is difficult to obtain uni- 
formly pure alizarin Sodium ahzarinate is soluble and purple in color , 
on the addition of acid, the more insoluble alizarin is precipitated as an 
orange dust The sodium salt was prepared (KR 8,36) from alizarin 
by the addition of sodium hydroxid to an excess of the alizarin d^e, 
and the filtrate used These three dyes are nontoxic, are readily soluble 
m water, are absorbed by the cells and secreted into the urine Thi ough- 
out the recorded lesults the terms acid or alkaline are used lelative to 
the pH of pure distilled water at 10"' 

Intravenous injection of concentiated solutions of the dyes was 
found to be the most satisfactory method of administration Perfusion 
with dilute solutions introduced several sources of error, by asphyxia of 
the kidney and altering the normal physiologic state The animals used 
were rabbits, dogs and a few white mice In the latter, subcutaneous 
injection of the dyes was resorted to Rabbits were used, first, to 
determine the efficiency of the dyes and, secondl}-, because they have 
a normally alkaline urine in contradistinction to the acid urine of the 
omniverous dog It is essential that the kidneys be examined imme- 
diately after death, because about five minutes after death the reaction 
of the tissues begins to change as a result of anutolysis 

RESULTS 

The hydrogen-ion concentration in the kidney cells and urine were 
determined in thirteen normal rabbits by the use of the three dyes 
mentioned above The results in all these experiments are essentiall} 
identical, and the protocol of one representative experiment will suffice 

Evperimext KR 33 — Fifteen cubic centimeters of a saturated filtered solu- 
tion of azolitmin in distilled water was injected into the marginal ear vein of a 
male rabbit, weighing 1,300 gm , without any apparent toxic effect A few drops 
entered the subcutaneous tissue, where the purplish color became blue (alkaline) 
The animal was killed thirty minutes later by having its throat cut Necropsy 
was performed at once, and the kidneys examined both with the naked eye and 
b}'^ means of sections of the fresh tissue (made with a double bladed Valentine 
knife) studied with a low power lens 

The findings were 1 The bladder urine was blue (alkaline) 2 A blue 
color was present in the medulla throughout This fluid was readily expressed 
by light pressure and was evidently alkaline urine in the collecting ducts 
3 The cortex was red (acid) The red dye was most concentrated in the cells 
of the convoluted tubules 4 No dj’^e reaction was demonstrable in the 
glomeruli 5 The outer medullary zone was distinctly reddish (acid) 6 The 
medullary rays were grossly bluish (alkaline), but a few loops of Henle which 
could be fairly accurately identified in the fresh sections contained red (acid) 
cells 
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As noted above, the findings m this whole senes weie uniformly 
the same in all the normal animals having an alkaline urine It is to 
be noted that when the urine is alkaline {pn less than 10"'^) the cells 
of the convoluted tubules and the outer medullary zone show an acid 
reaction The outer medullary zone differs anatomically from the rest 
of the medulla only by the additional presence of numerous loops of 
Henle The medulla contains an alkaline urine, which is leadily pressed 
out, leaving no dye in the cells of the collecting tubules, but the acid 
dye reaction in the outei medullaiy zone cannot be so altered On study 
of the fresh sections the dye is seen to be intracellular there, but not so 
in the collecting tubules of the medulla proper Therefore, it may be 
concluded that the acid reaction of the outei medullary zone in these 
animals with an alkaline urine is due to acid cells of the loops of 
Henle The findings m the medullary rays confirm this 

The results of similar expeiiments with normal dogs show essen- 
tially a completely reversed picture Five normal animals were success- 
fully studied, with uniformly consistent lesults in all the experiments 
Two typical protocols of this series follow — 

Experiment KR 18 — A young male dog, weighing 10 kg, was fed entirely on 
meat, largely raw, for four days before the experiment No water was given on 
the day before the experiment, but 300 c c of water were given one hour before 
starting the experimental procedure This preliminary procedure was carried 
out to insure a rather concentrated and strongly acid urine during diuresis 
The animal was anesthetired with ether, and the left external jugular \ein 
exposed Into this 30 cc of 1 per cent neutral red in distilled water (0 3 gm of 
dye) were slowly injected The abdomen was then opened and the right kidney 
exposed to the air The kidneys were removed ten minutes after the end of the 
injection, after bleeding the animal to death 

The findings were 1 The bowels and kidneys showed considerable red 
color externally 2 The bladder urine contained a little dye, purplish red 
(acid) The bladder was full 3 The renal medulla, seen in surfaces made by 
cutting, contained purplish red (acid) urine in the tubules This color was 
most intense at the lower border of the outer medullary zone The cells of the 
collecting tubules were white after expressing the urine 4 In the cortex the 
reaction was everywhere yellow (alkaline), both to the naked eye and micro- 
scropically in the fresh tissue sections The convoluted tubules were yellow 
(alkaline) in reaction throughout 5 The medullary rays contained some red 
(acid) urine, but not in all the tubules This red color was confined to the 
lumina of the tubules there 6 The outer medullary zone was not clearly 
demarcated 

Conclusion With an acid urine, the cortical reaction was everywhere 
alkaline 

Expel imeut KR 51 — A normal female dog, weighing 8 kg, was anesthetized 
wuth ether The left external jugular vein was then exposed, and 40 c c of a 
saturated solution of azolitmin m distilled water w'as injected intravenously 
wuth no appreciable reaction Ten minutes later the carotid artery was cut, and 
the dog bled to death While bleeding the abdomen was opened and the kidneys 
removed immediatel}’^ on the death of the dog 

The findings w'ere 1 The bladder urine w'as reddish (acid) 2 The urine 
in the renal pelvis was red (acid) 3 The urine in the medullary collecting 
tubules "was red (acid) on both sides 4 The cortexes of both kidneys w'ere 
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bluish (alkaline), but in some places the intensity of the blue was greater than 
in others 5 The outer medullary zone in both kidneys was decidedly bluish 
(alkaline) In sections made with a Valentine knife it was seen that this blue 
dye was present only in certain tubules, while others which were directly con- 
tinuous with the purely collecting tubules of the lower medulla contained no 
dye in their cells Therefore the tubules with the alkaline cells must be Henle’s 
loops 6 One lobe, or pyramid with the cortex above it, showed a reversed 
reaction bluish (alkaline) urine in the papilla, reddish (acid) cortex — con- 
voluted tubules — and reddish (acid) outer medullary zone 

Conclusions 1 This experiment confirms the normal findings m the dog 
that with an acid urine the convoluted tubule and loops of Henle cells are 
alkaline, with azolitmin in place of neutral red 2 One or more lobes of a 
kidney may be secreting an alkaline urine, while the rest is secreting an acid 
urine, with an excess of the acid form, making the mixed result (bladder or 
ureteral urine) acid 

The observation that one or more lobes of a kidney may be 
secreting a urine of the opposite reaction was also noted m two other 
experiments with dogs (KR38 and KR41), in both of which sodium 
alizaiinate was used This is of consideiable interest, as heretofore it 
has been largely assumed that even if the whole kidney does not secrete 
uniformly in the quantitative sense, it at least does so qualitatively 
These observations show that that is not the case The absence of 
this phenomenon in the rabbit is undoubtedly due to the fact that this 
animal has a unilobar kidney 

Two other phenomena were studied m normal animals One was 
the intensification of the normal alkaline reaction of the urine in the 
rabbit by the administration of sodium bicarbonate, and the other the 
alkahnization of the dog’s urine by the same means Protocols of two 
such experiments follow 

Evpeument KR 20 — ^Twenty cubic centimeters of 10 per cent sodium bicar- 
bonate was put into the stomach of a young male rabbit, weighing 1,200 gm , 
by catheter After fifteen minutes 10 c c of 1 per cent neutral red were 
injected into a marginal ear vein, with no apparent toxic effect The animal 
was killed ten minutes later by having its throat cut, and necropsy was per- 
formed immediately 

The findings were 1 The bladder urine was yellow (strongly alkaline) 2 
The medullae were also yellow (strongly alkaline), due to the urine in the 
collecting tubules, which was readily expressed 3 The cortexes contained 
much purplish red (acid) dye With the microscope its was seen that this 
color was in the convoluted tubules, and that the bluish (strongly acid) tint was 
decided 4 The medullary rays in the cortex were yellow (alkaline), m con- 
trast to the bluish red (strongly acid) reaction in the convoluted tubules This 
alkaline reaction was in the lumina of the collecting tubules The acid reaction 
of the convoluted tubules was more marked in this experiment than m the normal 
animals who had not received alkali 

Expeumcnt KR 60 — A young male terrier, weighing 6 5 kg, was given 
18 gm of sodium bicarbonate in 350 c c of tap water by a stomach tube The 
animal did not vomit One hour later the dog was anesthetized with ether, the 
right femoral canal opened and the femoral vein exposed This was cannulated, 
and 250 cc of 0 5 per cent neutral red in physiologic sodium chlond were 
introduced into the circulation, without an appreciable toxic effect Ten minutes 
later the abdomen was opened, and the dog was killed by the cutting of the 
aorta The kidneys were removed at once and examined 
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The findings were 1 The bladder urine was cloudy and orange (alkaline) 
2 Both kidneys were small, the capsules stripped readily, leaving smooth 
glistening surfaces Surfaces made by cutting showed no gross anatomic 
changes 3 In the medullae the tubules contained an orange red (alkaline) 
urine, which was easily squeezed out After pressing this out, the medullary 
tissue was white 4 The outer medullary zones were conspicuous, sharply 
demarcated and raised on cut surface They were purplish red (acid) 5 The 
cortexes were also purplish red (acid), and most of this color was in the 
labyrinthian portion In sections made with a Valentine knife it was seen that 
the dye was in the cells of the convoluted tubules The intensity of the color 
was greatest in the cortex 

Conclusions When the reaction of the urine in the dog is changed from 
the normal acid to an alkaline one, the reaction of the secreting cells is changed 
from alkaline to acid 

Thus it IS demonstrated that exaggeration of the intensity of the 
normal alkaline reaction of the rabbit’s urine causes an increased in- 
tensity of the acid content of the secreting cells In the normal animal 
it was invariably found that the leaction of the urine was the opposite 
to that of the cells of the convoluted tubules and Henle’s loops This 
relationship is retained even though the reaction of the urine is reversed 
by the administration of alkali It is of consideiable clinical significance 
that the renal cells are acid when secreting an alkaline urine 

After several unsuccessful attempts to obtain a normal animal 
secreting a neutral uiine {p-^ 10"'^), one was obtained The results of 
this expel iment are recorded in Experiment KR66 

Expel wient KR 66 — A small male dog, weighing 8 kg, was given a meat 
free diet for two days and then very salty food containing also some sodium 
bicarbonate Just before the experiment the dog was allowed to drink a large 
amount of water One hour later the animal was anesthetized with ether, the 
left external jugular vein exposed and 50 cc of a saturated solution of 
azolitmin in distilled water injected intravenously Ten minutes later the animal 
was killed by cutting the abdominal aorta The kidneys were removed at once 
and examined 

The findings were 1 The bladder urine was violet (neutral) 2 Both 
kidneys were grossly normal throughout 3 Both medullae contained purplish 
red or violet (neutral) urine, which could be readily expressed with light pres- 
sure 4 The outer medullary zones were sharply defined in both kidneys, and 
were dark, purplish red (neutral) This part of the kidney contained more 
dye than any other 5 The cortexes were purplish red (neutral) throughout, 
and the dye was almost all, if not all, in the cells of the convoluted tubules 

Conclusions With a neutral urine {pn lO'O in the dog, the reaction of the 
kidney secreting cells is also neutral 

The experiments reported above aie typical examples of the lesults 
obtained with about twenty-five normal animals The findings were 
repeatedly confirmed by using all three of the indicator dyes In no 
instance were results obtained which deviated from the general picture 
It may be safely concluded that the secreting cells of the noimal kidney 
have the opposite reaction to the urine, when the latter is acid, the 
cells of the convoluted tubules and Henle’s loops are alkaline, and when 
the urine is alkaline the reversed reaction obtains in the cells Further- 
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more, exaggeiation of the alkalinity of the uiine leads to an increase 
in the intracellular acidity The whole kidney does not function identi- 
cally at a given time in the qualitative sense, but one pait may be 
secieting an alkaline mine while the rest forms an acid one Lastly, 
when the urine is just neutral, the cells aie also neutral 

The hydiogen-ion concentrations of cells and mine weie simul- 
taneously studied in eighteen animals with experimentally induced 
nephiitis Seven rabbits were studied, in six of which an acute tubular 
toxic nephritis was produced b} the subcutaneous injection of mei curie 
chlorid or sodium potassium tartiate^- twentj-four boms before the 
injection of the indicators (Exjieiiments KR 40,42,45,46,48 and 49) 
In these experiments each of the three dyes was used, and furthei 
contiol was obtained by the use of the same dye for each of the two 
forms of toxic nephiitis The lesults were uniform in all of the experi- 
ments, and a piotocol of one will suffice as an example 

Eipenment KR 48 — A large female albino labbit, weighing 1,800 mg, on 
July 15, 1923, at 4 p m, was given 2 gm of sodium potassium taitrate 
(Rochelle salts), injected subcutaneously into the back The animal was 
returned to the cage On July 16, at 4 30 p m , the animal was lying quietly 
m the cage, apparently quite toxic There was some diarrhea Twelve cubic 
centimeters of 1 per cent neutral red in distilled water was injected into the 
marginal ear vein, with no reaction The animal was killed twenty minutes 
later by decapitation 

The findings were 1 The bladder urine was bluish red (acid) 2 The two 
kidneys were alike, swollen, pale and opaque, bulging when the capsule was 
stripped 3 The medullary pyramids contained bluish red (acid) urine, which 
could be easily pressed out of the ducts 4 The outer medullary zones were 
distinctly orange to yellow (alkaline) With the microscope the dye was here 
seen in the cells of Henle’s loops 5 The cortexes were deep purplish red 
throughout (acid) Fresh sections localized the reaction here as being m the 
cells of the convoluted tubules 6 Formaldehyd fixed frozen sections stained 
with hematoxylin and eosin showed an acute degenerative process m the con- 
voluted tubules, with no apparent change m the glomeruli or loops of Henle 

The fact that the loops of Henle retained their normal lelationship 
of the opposite leaction to that of the urine is of interest The his- 
tologic study and previous observations support the impression that 
these cells are not severely damaged by the intoxication It has long 
been known that the tartrates injure primarily the convoluted tubules 
One rabbit with spontaneous nephritis was encountered (KR 14 ) in 
which the entire kidneys, urine and cells alike, were acid in leaction 
This animal had distemper, some ascites and dial rhea Paraffin sections 
of the kidney revealed a thinned cortex, with distended tubules lined 
with flattened cells and some acute increase in the connective tissue and 
lound cells One large aiea in the cortex, extending from the renal 

12 Underhill, Wells and Goldschmidt J Exper Med 18 317, 1923 Sticg- 
litz Am J Anat 29 33, 1921 

13 Stieglitz Am J Anat 29 33, 1921 
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capsule to the arcuate aiteries was almost entiiely replaced by round 
cells In dogs similar studies were undertaken, and in five animals 
(KR 54,62,63,64, and 65) an acute toxic tubular nephritis was induced 
The results of these experiments are essentially similar to those observed 
in the rabbits A single typical protocol will suffice 

Evpciimcnt KR 63 — male dog, weighing 9 kg, on Aug 21, 1923, was 
placed in a metabolism cage with plenty of water On August 22, the urine was 
acid No albumin, no casts or sugar were present The specific gravity was 
1034 The animal was given a subcutaneous injection of 0 1 gm of mercuric 
chlorid 

On August 23, the dog was very quiet and listless Urinalysis revealed 
albumin, a few casts, acid, no sugar The animal was anesthetized with ether, 
and ISO c c of 1 per cent neutral red in distilled water were given into the 
right femoral vein by gravity through the cannula Five minutes after the 
end of the injection the abdomen was opened, and the animal was killed by 
bleeding from the aorta The kidneys were removed at once and examined 

The findings were 1 The bladder was distended with acid urine, contain- 
ing considerable albumin 2 The two kidneys were alike — very soft, moist and 
opaque 3 The medullae contained purplish red (acid) urine which was easily 
expressed from the ducts by light pressure 4 The outer medullary zones were 
clearly demarcated and distinctly bluish red (acid) This color could not be 
pressed out S The cortexes were purplish red (acid) throughout, the color 
being most concentrated m the labynnthian portion 6 The medullary rays 
contained little dye 7 Frozen sections stained with hematoxylin and eosm 
showed an acute tubular degeneration involving chiefly the convoluted tubules 
The glomeruli appeared to be unaltered 

Conclusions In acute toxic (mercuric chlond) nephritis m the dog, as in 
the rabbit, the urine, loops of Henle and convoluted tubules are all acid 

These results confirmed the findings m nephritic rabbits Two dogs 
(KR43 and KR 50) with a long standing chronic unilateral nephritis 
were similarly studied, the unaltered kidney acting as the normal control 
The findings in these experiments are essentially similar to those in the 
acute nephritis 

Expei intent KR 45 — A male dog, weighing 10 kg, on May 26, 1923, was 
anesthetized with ether, and under careful aseptic conditions the right kidney 
was exposed through a posterior nephrotomy incision, a “bull dog” clamp was 
placed on the right renal artery and left on for fifteen minutes After its 
removal the kidney was slipped back into place and the wound closed m layers 
The anesthesia was earned throughout without difficulty, and the dog recovered 
rapidly On May 27, the dog was recovering well Urinalysis showed 
blood -J — I — I — 1-» albumin — | — [- From May 29 to June 19, the dog continued 
in excellent condition, the wound closing completely The urine continued to 
show albumin and casts Hematuria disappeared about June 1 On July 6, the 
weight was 8 kg There have been no manifestations of intoxication or edema 
On July 8, urinalysis revealed albumin +, one or two casts, acid, specific 
gravity, 1 023 On July 9, the dog was anesthetized with ether, and 50 c c of 
a saturated solution of sodium alizannate were injected intravenously After 
ten minutes the abdomen was opened and the aorta cut The kidne>s were 
promptlv removed and examined 

The findings were 1 The right (injured or nephritic) kidney was firmly 
bound dow n by fibrous adhesions, -which were especially' marked on the posterior 
surface, at the pedicle and upper pole, the latter being firmly adherent to the 
hepatic capsule The renal capsule w'as stripped w'lth difficulty, leaving a rough. 
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granular, rather dry yellow surface The cortex was moderately narrowed and 
quite firm The dye reaction was the same throughout all parts of the kidney, 
yellow or acid The urine m the collecting tubules of the medulla and in the 
renal pelvis was bright orange yellow (acid) The cortex was also yellow 
(acid), and m sections made with a Valentine knife, examination with a low 
power lens revealed that the dye here was chiefly m the cells of the convoluted 
tubules The outer medullary zone was also yellow (acid) in reaction Blocks 
of tissue were fixed in 10 per cent formaldehyd solution 

2 The left (uninjured or control) kidney was readily removed from the 
surrounding fat The renal capsule stripped easily, leaving a smooth glistening 
surface The kidney was cut through in many places and showed yellow to 
orange (acid) urine in the pelvis and collecting ducts of the medulla The 
outer medullary /one contained many vertical purple (alkaline) markings, 
between which were whitish yellow tissue With the microscope the purplish 
(alkaline) tubules appear to be loops of Henle In the cortex the dye was 
most concentrated m the outer zone, where it was purple (alkaline), and in 
the cells of the convoluted tubules (microscopic examination of fresh sections) 
No gross pathologic condition was seen Pieces of this kidney also were fixed 
m 10 per cent formaldehyd solution 

3 The bladder urine was acid, and contained albumin and casts 4 No other 
gross pathologic findings were detected by a complete necropsy 5 Histologic 
findings of the fixed tissue, stained with hematoxylin and eosm showed Right 
or damaged kidney The cortex was very thin , many tubules were dilated , 
there were some connective tissue scars, but no necrotic tissue was seen The 
cells appeared to be edematous, staining poorly with eosm Many of the tubule 
cells were desquamated The left or control kidney was normal 

Conclusions In a kidney damaged forty-four days before by a transient 
asphyxia, the hydrogen-ion concentration of the cells and urine are similar to 
those found m an acute nephritis, the damaged cells and urine both being acid, 
while in the opposite control kidney of the same animal the reaction of the 
cells was alkaline in the normal relationship to the acid urine 

The findings in Experiment KR 50, in which the same procedures 
were carried out, were identical Several experiments dealing with acute 
asphyxia of one kidney were carried out (KR 52,53,58,59) The fact 
that asphyxiated cells become temporarily acid in reaction has long been 
known, and this was again demonstrated in these experiments The 
dogs were anesthetized with ether, the indicator injected intravenously, 
a renal pedicle exposed and the renal artery clamped for fifteen minutes 
After the removal of the clamp the dogs were bled to death and the 
kidneys examined at once In all instances the asphyxiated kidney 
was acid in reaction through the whole of its substance, urine and cells 
alike, whereas in the opposite normal control kidney the normal reaction 
pertained, acid mine and alkaline secreting cells The appearance of 
both physiologic and anatomic evidence of nephritis as long as forty- 
four days after a transient fifteen minute asphyxia is of great im- 
portance A rathei caieful search of the liteiature revealed no previous 
mention of such persistent damage Asphyxia, even though transient, 
apparently results in seiious injury which lasts for a considerable time 

An investigation of the effects of alkaline therapy on nephritic dogs 
was also undertaken Three experiments (KR 62,64 and 65) were 
performed In one of these (KR64), not enough alkali (sodium 



492 


ARCHIVES OF IN FERX 4L MEDICINE 


citrate) was given to alkalinize the urine, and the findings weie the 
same as those for the untreated nephritic animals In Experiment 
KR 62, the animal was rendered nephritic with mercuric chlorid and 
given sodium bicarbonate by stomach tube to alkalinize the urine Heie 
It was found that the urine was alkaline, the outer medullary zone oi 
loops of Henle acid, and that there was an almost complete absence of 
dye in the convoluted tubules The absence of the dye there was prob- 
ably due to the fact that the severel}'- damaged convoluted tubules were 
not secreting the dye, throwing the buiden on the loops of Henle 
Alkahnization of the urine in the normal animal causes the cells to 
become acid, and, as would be expected, it does not bring the reaction of 
the damaged cells to the alkaline side 

In Experiment KR 65 we were fortunate enough to just neutralize 
the urine of a nephritic dog The protocol of this is reported below 

Eipci wicnt KR 65 — A male dog, weighing 8 kg, on Aug 23, 1923, was thm 
and poorly nourished, otherwise he was apparently healthy Urinalysis 
revealed no albumin, no casts, acid, specific gravity, 1 032 An injection of 
008 gm of mercuric chlorid in 4 cc of distilled water was given subcutane- 
ously The animal was then returned to the metabolism cage On August 24, 
the animal was very listless and quiet, and had a mushy diarrhea Urinalysis 
levealed albumin -f -f , casts, acid, specific gravity, 1038 At 1 30 p m, the 
dog was given 15 gm of sodium bicarbonate by stomach tube in 300 c c of tap 
water Ten or fifteen minutes later some of this was vomited At 2 p m, the 
animal was anesthetized with ether and 200 c c of 1 per cent neutral red in 
physiologic sodium chlorid introduced through a cannula into the right femoral 
vein Five minutes later the animal was killed by cutting the aorta The kidneys 
were examined at once 

The findings were 1 The bladder was almost empty The urine present 
was neutral (tested with both neutral red and azolitmin), pu 10"’ Albumin 
was present 2 Both kidneys were very soft and swollen The cortical mark- 
ings ivere not clear 3 The medullary urine was red, neither orange nor pur- 
plish (neutral) 4 The outer medullary zone was clearly demarcated and con- 
tained much red (neutral) dye 5 The cortexes contained less dye, this was 
distinctly purple (acid) and was found in the degenerated convoluted tubules 
(fresh sections) 

Conclusions chance a nephritic kidnej^ was studied which was secreting 

an exactly neutral urine The urine and loops of Henle were both neutral as 
in a normal kidney under similar physiologic conditions, but the more severely 
damaged convoluted tubules remained acid The great concentration of the 
dye in the cells of Henle’s loops may be due to an excessively active secretion 
there, as the convoluted tubules were almost completelv destroj^ed 


CONCLUSIONS 

If we sum up the results obtained, and desciibed above by some 
typical examples, it may be concluded that the following facts aie 
established When the kidney is secreting an acid urine, the cells of 
the parenchymatous tubules, both the convoluted tubules, proximal and 
distal, and the loops of Henle (thick limb) are alkaline in reaction 
When the urine is alkaline these same cells are acid When the alka- 
linity of the urine is exaggerated, the acid reaction of the cells is 
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increased, but it is impossible to say from the present studies to what 
degree In all the nephiitic kidne)'s studied the damaged cells presented 
an acid reaction, ii respective of the leaction of the urine 

DISCUSSION 

The results recoided above indicate that the cells of the convoluted 
tubules and loops of Henle are essentially involved m the determination 
of the hydrogen-ion concentiation of the urine The reaction of the 
cells of these tubules bears a constant relationship to the leaction of the 
111 me They are the only lenal cells m which the indicator d^es appear, 
and, as the dyes are secreted into the urine, they probably are passing 
through the cells The fact that these cells invariably have the opposite 
leaction to that of the urine m the normal kidney is of considerable 
physiologic significance It indicates that cells secreting an acid product 
letain temporarily the complementary basic components, making the 
cell content alkaline in leaction, and vice versa, when the cells eliminate 
an excess of basic products, they retain complementary acid components 
We may imagine, for instance, this separation of base and acid to 
occui with the aid of the amphoteric proteins (ammo-acids) of the cells 
which may combine with either the acid or the basic component of a 
hydiolyzed salt, in the form of protein salts As these salts m turn 
aie hydrolyzable in the way that all salts of weak bases oi weak acids 
are, the reaction of the cell contents would be basic if the retained com- 
ponent is the base in combination with an acid radical of a protein, and 
the reverse would be true if the retained component is the acid combined 
with a basic radical of a piotem This conception is m line with the 
woik of Nash and Benedict,^^ who showed that the ammonia of the 
mine is foimed in the kidney 

ITowevei, the question whether the convoluted tubules are elements 
of secretion has not been univei sally conceded On the whole, theie 
aie two chief schools of thought conceining the mechanism of lenal 
secretion The one, first presented by Bowman, teaches that the 
glomeruli secrete water and some salts, and that the convoluted tubules 
concentiate the urine by the additional secietwn of salts and nitrog- 
enous products The other school, founded on the theories of 
Ludwig and now largely supported by Cushny,^’^ maintains that the 
concentration of the urine is accomplished by the i eahsorpUon of water 
and certain ‘threshold” bodies by the convoluted tubules The gist of 
the situation therefore is Do the convoluted tubules seacte or i cab- 


14 Nash and Benedict J Biol Chem 48 463, 1921 , ibid 51 183, 1922 

15 Bowman Philos Trans 57 1842 

16 Ludwig Mechanismus der Harnsecretion, Marburg, 1843 

17 Cushny The Secretion of Urine, Monographs of Physiolog)', London, 
Longmans, Green and Co , 1917 
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SOI b substances to or from the urine, or do they do both ^ That secretion 
does take place by these cells has been proven to be the case for several 
substances, such as urea and iron Cushny postulates that the 
chief source of the sodium hydroxid reabsorbed is from the phosphates,^® 
by hydrolysis of sodium phosphate Richards has recently added 
supporting data to the theory of reabsorption 

As regards the observations on hydrogen-ion concentrations in the 
cells and urine, the fact that the cells are of the opposite reaction to 
that of the urine may be interpreted by either theory The cells may be 
alkaline because of a secretion of acid into the urine, or because of the 
leabsorption of bases, leaving the urine acid But in the experiments 
on the rabbit in which the alkalinity of the urine was increased by the 
administration of sodium bicarbonate (KR20), the acid reaction of 
the cells was also exaggerated In view of the fact that greater alkalini- 
zation of the urine by the addition of alkali leaves less acid to be 
absorbed from the urine by the cells, we are forced to the conclusion 
that the increased acidity of the cells is not due to reabsorption of acid 
fiom the urine If, on the other hand, the cells are secreting a prepon- 
derance of bases from the neutral blood, a greater accumulation of 
intracellular acid might well occur Therefore the observations recorded 
above serve to support the theory that the concentration of the urine 
and determination of the acid or alkaline reaction thereof is accom- 
plished by secretion by the tubule cells 

In several instances in the nephritic animals studied it was noted that 
when the convoluted tubules were severely damaged and contained little 
dye, the loops of Henle were abnormally heavily laden therewith It 
may be suggested that the loops of Henle take over the function of 
secretion when the convoluted tubules are so severely damaged That 
this IS so IS by no means firmly established by these findings, but they 
strongly suggest such function on the part of Henle’s loops 

In the nephritic kidneys it was invariably found that the injured 
cells were acid in reaction Fischer^ discusses the increased hydrogen- 
ion concentration of injured or asphyxiated tissue at length He 
declares that the greatest hydrogen-ion concentration in the unne occurs 
m acute nephritis, and claims that the pn of the urine is a valuable aid in 
making the prognosis of nephritic cases and in determining the condihon 
of the kidneys He has also shown that in nephritis the acid combining 
power of the blood is decreased Araki and Zillessen showed that in 
asphyxiated tissue there is an accumulation of acid These observations 
are entirely in accoid with those recorded above 

18 Oliver Jour Exper Med 23 301, 1916 

19 Cushny Jour Phj^siol 31 188, 1904 

20 Richards Am J Med Sc 163 1, 1922, Am J Ph 3 "siol 59 184, 1922 

21 Araki Ztschr f physiol Chem 15 335 and 546, 1891 , ibid 19 473, 1894 

22 Zillessen Ztschr f physiol Chem 15 387, 1891 
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Fischer - maiPtains that edema and aibunununa are both die residi 
of increased intracellular hydrogen-ion concentration, and that inhibi- 
tion of secretion is a result of altered m'dration capaaU' of the tissue 


coilo' ds simiiarly induced In this connection it is important to study 
the cSects of alkah therap}*. A normal ladne}- secreting an alkahne 
unne has aad ceiis therefore aitcalinization of a nephritic person's 
unne should certain!}' not aikaiinize the cells In fact, the more ahtalme 
the unre becomes the more acid are the cells and this might well 


inrease the damage especially as the injured cells are already aad 
Therefore it may be conduced that excessive alkahne therapy in 
nephritis is to be avoided and that the optimum condition to be obtained 


-s liCJZTci zciiG, of the urine If the urine is neutral, normal secreting 
ceils vail also be neutral, thus maintaining a reaction best suited for 
the repair and recover}' of the injured cells Clinical observations 
connm these conclusions : over alkaiinization not infrequently leads to 
an acute exacerbation of symptoms Recently Brown and his co- 
'.vorkers “ reported evidences of toxic nephritis associated vath the 
alkalosis of duodenal obstrucnon.-- 


SU::2IARV -XD CONCLUS:CX5 

1 ulien acid -unne is being secreted the cells of the convolL^ted 
tubules and loops of Henie are alkaline in reaction ( using 10" as 
the neutral point j . 

2 \Mien alkahne urine is being secreted, these ceils are aad 

3. \Vhen neutral (' p^ 10”', » xirine is secreted, the ceils are ne.<tral 
also 

Increase in the aiKaiimt}* of me urine leads to increased acidity 
of the cehs. 

c In the cog one or more lobes of a kidney may be secreting an 
ahahne me rest an aad 'unne simultaneously. 

6 Aiteranon of the reaction of the urine causes a similar but 
oppos.te. change in the reaction of the cells 

7. The reaction of tCe urine is controlled by tlie convohutec tubules 
and loops of Henie 

S The reacrion of the unne is determined bj- sccrciior of either an 
excess of aad or alxah by these cells 
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9 In nephritic kidneys the injured cells are acid in reaction, as is 
the urine, the normal relationship thus being destroyed 

10 Alkahnization of the urine in nephritic animals does not reverse 
the acid reaction of the cells 

11 Alkali therapy m nephritis must not be carried to a point of 
alkahnization of the urine, as that tends to increase the intracellular 
acidity Neutralization of the urine, ho-wever, is desirable 



AX IMPROVED AIR VALVE FOR APPARATUS USED 
IX BASAL METABOLIC \VORK=^' 

W B FULTOX 

V iSHlVGTOV, I) C 

A bpeciai senes of experiments ^ to determine the metabohc rate 
ttlns IS done b} the collection and anahsis of expired air; of subjects 
exposed to ^ are in? temperatures and humidities was conducted under 
the suj)er\ision of Dr R R Saeers and Dr. \V J McConnell as part 
of a cooperatne study of the ph\noiogic effects of atmospheric condi- 
tions being made b\ the Bureau of Mines and the Amencan Societ) of 
Heating and Wntilating Engineer=^ In this v. ork a number of different 
t\pe5 of '.alves vere experimented with m order to 'select the one best 
suitea. The deciding factor m 'electing a vahe for use m basal 
metabolic work rests with its abiht} to prevent any small amount of air 
from escaping around the edges of the \alve v hen closed, which ma} 
be designated as "slip leakage ’ 

Several tjpes of r alves are available which though 'atisfacton for 
use in certain breathing apparatus, could not be used in these experi- 
ments The so-called ‘ mica-disk r alves must be kept in a horizontal 
position in order to function proper!} and it is impractical to do this 
w ith the subject hang down There is a small amount of slip leakage 
with such a vahe even when held in the horizontal position espeaalh 
in slow* and shallow breathing This leakage has been eliminated by a 
fe^i, manufacturers who have inserted a small spring behind each disk, 
thus causing it to close more quickly and seat more firmh Sometimes 
these disk' have small ridges that permit leakage Also the clicking 
sound in closing annors some people Other t}'pes of \ alves are those 
used with the mask Ape of oxrgen apparatus and those with the 
mouthpiece t}pe In the mask t}'pe there is alwars the possibilitr of 
a leak around the mask and the increased dead air space gi\es rise to 
erroneous results while in the mouthpiece trpe it is impossible to hare 
leakage and the dead air space jS decreased to a minimum 

The use of the v ater vah e is impracticable in basal metabohc work, 
because the difference in pressure causes a resistance to breathing which 
IS objectionable 

I have developed an improved type of ralve and used it successful!} 
in the collection of samples for basal metabolic work at the Pittsburgh 

Published fay permission of the D.rector Bureau of 3I’nes, Department 
of the Interior 

1 Results of these in’ estigat.ons are shorth to fac pubhshed 
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Experiment Station This improved valve, worked out by the Bureau, 
IS a modification of the Douglas - valve, which, with other valves simi- 
larly constructed, has been used in apparatus for basal metabolic work 
Figure 1 shows the details of the valve used by the Bureau a is the 
inhalation valve, and b is the exhalation valve, c is the rubber mouth 
piece, d, a pipe for rubber tube connection on the inhalation side, e, 
a tin partition between the two valves , f, a pipe for the rubber tube 
connection to the spirometer , and g, the nose-clip 



Double action rubber butterfly valve 


The two butterfly ^ahes (the rubber valves used for exhalation in 
the army type of gas mask) are placed parallel to each othei but in 
opposite directions in a tin air-tight container 3% by 1% by 1%, inches, 
and are separated by the tin partition The valves are held at the base 
ends in such a manner that when not in use they are closed The 
lubber mouth piece is coated with shellac, and is fastened securely to 
the container Two pipes Ys ii^ch in diametei connect the container 
with the apparatus These, because of their size, eliminate most of the 
resistance in the rubber tube connections 


2 Douglas, C G A Method for Determining the Total Exchange in 
Alan, J Physiol , Afarch 18, 1911, p 17 
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The Aahe desciibcd lieiein is simple in consliiiction and inexpensive, 
\et It can be opeiated in ain position without nicuiiing the objectionable 
features of other types It has been successfully used by the Bureau 
of Mines, and should be paiticulaih \\eU adapted to collecting samples 
of air foi liasal metabolic oi allied woik 



AURICULAR FIBRILLATION IN GOITER 


E A BAUMGARTNER, M D , C W WEBB, M D 

AND 

HUBERT SCHOONMAKER, MD 

CLIFTON SPRINGS, N Y 

Recently Schoonmaker and Webb ^ reported a case of auricular fibril- 
lation in a toxic adenoma of the thyroid Because of the gieat improve- 
ment noted in all symptoms in this case and the rarity of this condition 
among our patients with goiter we thought it worth while to investigate 
the liteiatuie on this subject 

In looking through the literature we find that as yet not many cases 
have been reported in detail, and that as a rule there are only incidental 
refeiences to cases of goitei in descriptions of vaiious caidiac condi- 
tions However, that auriculai fibrillation is not rare in goiter is shown 
by Willius “ who stated that at the Mayo clinic 7 per cent of patients 
with exophthalmic goitei and 9 per cent with hyperactive adenoma 
have auricular fibrillation on admission, and that these figures were 
doubled while the patients weie under observation Willius and 
Boothby ^ m a moi e recent paper, gave figures of 22 per cent in exoph- 
thalmic goiter and 24 per cent in adenoma with hypei thyroidism On 
the other hand, in their book on the thyroid gland, Crile and his asso- 
ciates ^ described one case in some detail Apparently, at the Cleveland 
clinic this condition was not found so frequently Hamilton,® in a 
series of 200 cases of goiter at a Boston clinic found eighteen cases of 
fibrillation among hyperthyioid cases, Avhile Hamilton and Lahey ® 
stated that 10 per cent of patients with goiter have an absolutely 
irregular heart either as an established or recurrent condition 

1 Schoonmakei, H, and Webb, C W Report of a Case of Goitre (Ade- 
nomatus Type) Complicated by Auricular Fibrillation, Clifton M Bull 8 2, 

1922 

2 Willius, F A The Heart in Thyroid Disease, Ann Clin Med 1 269, 

1923 

3 Willius, F A, and Boothbv, W M The Heart in Exophthalmic Goitre 
and Adenoma with Hyperthyroidism, Med Clm N Am 7 189, 1923, Heart in 
Exophthalmic Goitre and in Adenomatous Goitre with Hyperthyroidism, J A 
M A 80 1725 (June 9) 1923 

4 Cnle and Associates The Thyroid Gland, Philadelphia, W B Saunders 
Company, 1922 

5 Hamilton, B E Clinical Notes on Hearts m H}'perthyroidism, Bost 
M & S J 86 216, 1922 

6 Hamilton, B E , and Lahey, F H Differentiation of Hyperthyroidism 
and of Healt Disease from Neurasthenic State, J A M A 78 1793 (June 10) 
1922 



SCHOO\M IKLR— ILRlCbL IR 1 IBRlLL-lllOh 


SOI 


nnroRT or casi s 

C\st 1 — — A \\oniin, .igocl 46, w.is adniiUcd to the hospital on Ian 
lO 1922, complaining of rapid and irregular heart, nervousness, insomnia, loss 
oi weight small plnsical endurance and recurrent attacks ot abdominal cramp, 
nausea and \omitmg Her father had diabetes at the age of 76, and her mothei 
died of pulmonare tuherciilosis ,it the age of 33, otheiwisc the family historj 
was negatue She hid had some childhood diseases, tvphoid fever, tonsillitis 
at the age of 40 and onee pre\iousl\ She had two normal healthy children 

Her present illness hogan ten jears before (1912) In 1913, she had had an 
McKander operation followed In cessation of the abdominal attacks, which 
howcNcr, began again in 1*)16, and necessitated two months' rest in bed Six 
months later she hid a reeurreiice of the attack followed b\ three months’ rest 
111 bed and dietarx treatment She had had main similar attacks, although 
thc\ had been less S(.\orc sinee that tune \ goiter was first obscricd in 1913 
Toxic s\niptoms wire elcirh eiidciit in 1916 It is not clear when auriculai 
iibnllation deiiloped but prob ibh as long as six months before admission to 
the hospital 

II nmimi/mt, — On admission the patient could c\crcise onh about 60 per 
cult OI ber normal i ipaciti, and lur heart was rapid and irregulai It nc\cr 
w IS (ufinileK incompetuil Her wuglit was 115 pounds (522 kg), about 10 
pounds (4 5 kg) below her iioimal weight Her expression was anxious and 
-he had 1 irgc infected tonsils llolh leihes of the tluroid were eiilaiged and 
irregular the lett more than the right There w is ,i sott sjstolic murmur at 
the apex oi the heart which was soniewlut enl.iiged and ibsolutch arrlnthmic 
I he he irt rite was 120 with i jinlse dificit of 40 Ihere were tremor of the 
fingers iiid rigiditv of the abdomen I he labor.itor\ findings were negatno 
urine and W assenn inn tests slight seeondare anemia iiid .i basil metabolism ol 
110 per cent 

rinoroscopv o: the chest leeealed triehei shghtK displaced toward the 
right and somewhat cninpresstd .iho\e the level of the m.inuhriiim The upper 
mediastinum showed i sh ulow suggesting an enlarged tlnroid projecting down 
a \er\ short distance iii the uppei midi.istimim The lorta was normal Tlic 
he irl was iiioderateh eiil irged both to the light and left, with marked promi- 
nence ot the aiiricul ir curve suggesting mitral disease The action w is rapid, 
tumultuous ind e'lcidedlv irregular 1 he luiu's showed increased fibrosis 
eMuidiiig outw ird iroin both liihmis with increase in the hilum shadows The 
leu ipcx had i suspicious ippe nance, but this aiipearancc mav have been 
i uised bv the substunil thvroid 1 he diaphragm was negative 

‘'everal eardiogruns were m ide Ikfore oiieration several were alike in 
showing no I’" deflection ind the ibsince of veiitrieiilar ihvthm as is chaiac- 
ttristic ot uineiilar fibril! ilion 

y r< a/iiit ».f (itiil Coutfi’ — 1 he first thing attempted w.is to regulate the hcait 
bv rest 111 bed, the pi leiiig of an ice lug on the lueeordium, and the administra- 
tion OI tincture of digitalis, la minims (092 cc) everv four hours The gastric 
svmptoiiis were believed to be a pirt of the svmptoms of toxic goiter '\ltet 
lour divs the heirt rate was finite constant and varied from % to 100 with no 
pulse deficit It w is then decided that no essential heart lesion existed and 
tint the iirhvthmii was toxic in origin On Fcbruai} 17, tin roidectomv was 
]>eriormcd The left lobe was l.irgcr than the right, but both lobes were con- 
sider.iblv cnkirgcd, with several idenomas m each lohe Piacticallv all of the 
lilt .ind .ill but .1 snnll portion of the right lobe were removed Convalescence 
oeeiiircd without complic.itions Three davs aflei operation the heart bee line 
regiil ir .ind has lennmcd so J he maximum rate after cessation of fibrillation 
w.is 80, and the ihvthm was normal 

\ cardiogram was made five weeks aftei opciation (itfarch 23) which was 
normal, except for ,i flit oi ncgitive “I” deflection This was thought to be 
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evidence of remaining thyroid toxicosis An electrocardiogram two months 
later (June 20) was normal 

The patient left the hospital on April 7, much improved m weight and 
strength There were no murmurs in the heart, rhythm was normal, and the 
sounds were of good quality Six weeks later the patient appeared normal, she 
had gained 25 pounds (113 kg) and had no heart nor abdominal symptoms 
Mictoscopic Examination — The microscopic sections showed some increase 
of connective tissue with hyalin changes and calcium deposits Some of these 
areas showed rather large vascular spaces The follicles were lined with low' 
columnar cells A few were dilated, some with colloid , others were empty The 
section looked somewhat like a fetal adenoma with some angiomatous areas 
Diagnosis adenoma, microscopically only slightly active 
Case 2 — Histoiy — A man, aged 49, entered the hospital on June 13, 1922, 
complaining of a rapid heart and loss of weight He had had some of the 
childhood diseases, and influenza m 1920, there had been some flatulence, espe- 
cially since 1917 after extraction of several teeth His present illness began 
a j'ear before with attacks of palpitation He had had several attacks since 
then, the last one about two weeks before He had lost about 30 pounds 
(13 6 kg ) m weight in the past six months 

Examination — Physical examination revealed small tonsils and a small 
nodular mass in the region of the left lobe of the thyroid The heart w'as 
enlarged, rapid and absolutely arrhythmic, the apex rate 120, the pulse rate 90 
The patient had a slight fine tremor of the hands 

Fluoroscopic examination showed the trachea displaced to the left with a 
shadow extending into the left upper mediastinum The heart was slightly 
enlarged and rapid, with diminished force Laboratory tests revealed a negative 
blood Wassermann test, a faint trace of albumin m several preoperative speci- 
mens of urine, a phenolsulphonephthalein test of 57 2 per cent in two hours, 
a normal blood count and a basal metabolism of 126 per cent The electro- 
cardiogram showed an absent “P” wave and arrhythmic ventricular contractions 
on June 15 He was given IS minims of digitalis three times a day, and on the 
nineteenth there was no pulse deficit On the twenty-first, a cardiogram still 
show'ed auricular fibrillation 

Tieatment and Coitise — Thyroidectomy was performed on June 22, most ot 
the enlarged left lobe being removed A good operative recovery was made 
The specimen grossly was an adenoma with a small cyst Sections showed 
areas of closely crowded small follicles with no, or very little, colloid, lined 
with tall granular cells , others showed hyalinized connective tissue areas and 
areas with loose fibrous connective tissue with many vascular areas, diagnosis 
Adenoma 

It IS not quite clear from the history when the fibrillation ceased, but appar- 
ently very soon after operation A cardiogram on July 7 was normal, except 
for a slight negative deflection of the “T” wave On August IS, a note stated 
that the heart condition was excellent and that the patient had gained weight 
In October, he was still progressing favorably 

Case 3 — History — A woman, aged 51, came to the hospital complaining of 
diarrhea and shortness of breath Her past history was negative, except for 
frequent attacks of diarrhea and a history of colitis ten years before, with 
which she was troubled for three or four years, and for which considerable 
silver nitrate was used in irrigations and m tablet form There was a history of 
an irregular heart and shortness of breath one year before Her family his- 
tory vas negative Her present illness began some time m August, 1923, when 
she became conscious of palpitation and a rapid heart and had diarrhea The 
previous winter she had been well and able to exercise strenuously With her 
rapid heart, m August she became short of breath This became so bad that m 
September she was put to bed and given digitalis, which resulted m so much 
improvement that she returned to her position as teacher The diarrhea began 
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again, her ankles began to swell, she was short of breath, and her heart became 
irregular 

Evamviation — On entrance to the hospital on October./, physical examina- 
tion re\ealed a ner\ous woman with marked exophthalmos There was a 
definite bluish discoloration of the skin, more marked oi er the exposed surfaces 
The skin was warm and moist, and the neck showed rather diffuse irregular 
enlargement o\er the thjroid region The lungs were clear except for moist 
marginal rales The heart action was tumultuous, irregular in force and rhjthm, 
the rate 160 and the dulness increased trans^erseh The pulse rate was 120, 
with a deficit of 40 Abdominal examination was negative There was some 
edema of the lower extremities increased reflexes and marked tremor of the 
hands 

A fluoroscopic chest examination showed an irregular, enlarged heart, some 
cloud\ lines running from the mediastinum and a high but mo\able right 
diaphragm Laboratory tests re\ealed a negatne Wassermann test and a 
trace of albumin m the urine On October 10, the basal metabolism rate was 
134 per cent, and a week later it was 126 per cent Diagnosis then was 
exophthalmic goiter, auricular fibrillation and argy na 

Treatment and Course — ^In her progress it was noted that on rest m bed 
and administration of massue doses of digitalis her heart became slower and 
more regular, but the pulse by the end of the week, although there was less 
pulse deficit was still somewhat irregular at a rate of from 80 to 110 

The patient was operated on October 23 The specimen obtained showed 
definite exophthalmic goiter, except in one area in which the follicles w'ere 
closely crowded, small, almost cordlike, with tall cells In many areas the tall 
lining cells showed marked frayed free surfaces 

The day following operation the patient became restless, was semiconscious, 
had a rapid, weak pulse and rapid respirations with suppression of urine She 
seemed to improie somewhat on normal saline given intra\enously, but became 
worse in a short time She was then given 5 per cent of glucose intra\ enously, 
which did not reine her from unconsciousness The patient died that night 
Necropsy — This showed some broncho-pneumonia in the lower right lobe, a 
normal heart and fairly normal kidneys, except grossly \ery dark medullary 
pyramids These and the skin sections showed a large amount ot siher 
pigment 

Comment — ^This patient apparently had had one attack of auricular fibrilla- 
tion one y ear before The present attack of fibrillation began tw o months before 
entrance to the hospital but had been treated with digitalis, and she had 
impro\ed enough to allow her to begin teaching school Shortness of breath, 
irregular heart and diarrhea became so severe about one month before that she 
V as put to bed and finally^ sent to the hospital It is rather indefinite as to 
how long she had had goiter, and the exophthalmos, and a question whether 
colitis or diarrhea ten years before was not a part of the toxic goiter sy'mp- 
toms It seems probable that the diarrhea present when she entered the hos- 
pital was due to the hyperthyroidism Although she had apparently had one 
attack of auricular fibrillation, the last attack had become constant 

SUM XI ARY OF CASES 

In the patients with goiter here then, we have had tt\o women 
and one man, between 46 and 51 years of age Two had adenoma, one 
exophthalmic goiter* one a paroxysmal, the other two, established 
fibrillation The heart condition improved in all follownng the adminis- 
tration of digitalis— -two receiving small doses, the last { exophthalmic) 
massive doses The first t\yo recovered completely from hyper- 
thyroidism and the heart condition while one died following operation 
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RE\aEW OF THE LITERATURE 

As has been demonstrated many times m various clinics, the heart 
condition can and does clear up with complete recovery of the patient 
In a lather extended search of the oldei literature, we find that condi- 
tions as least similar to auricular fibrillation, if not true auricular fibril- 
lation, weie noted early Germain See,^ in 1878 stated that rapid hearts 
m exophthalmic goiter are frequent, and he noted especially that arrhyth- 
mia had been overlooked by many "Un autre phenomene qui accom- 
pagne les palpitations et qui a echappe a Tobservation de la plupart 
des auteurs est rarrythmie” (p 169) He believed this to be an 
important sign in goiter, that it often meant a valvular lesion, but also 
that It might indicate only functional disturbances He noted an irregu- 
lar interval between contractions, unequal force, and that the pulse rate 
(radial) was often slower than the heart rate, points which all prove, 
as well as can be done without a cardiogram, that he was dealing with 
a condition we now call auricular fibrillation 

The cases considered as auricular fibrillation are given in the table 
The first one was reported by Griffith,® who discussed the pulse rate 
and tracing, tumultuous heart action and low tension pulse One of his 
patients, a woman, aged 35, had tumultuous heart action that improved 
markedly after administration of iron and digitalis Whether this par- 
ticulai case was one of fibnllation is not deal, but we believe the two 
with iriegular pulse tracings may be so considered 

Another case also not definitely one of auricular fibrillation was 
described by Fox ® This occurred in a woman, aged 49, with attacks 
of lapid, irregular heart action lasting about a day Gerhardt 
described a case of toxic goiter with a pulse of 100 or more and attacks 
in which the rate was from 120 to 200, definitely irregular and hardly 
palpable 

Mane examined some patients particularly foi heart irregularity, 
and found a normal regular pulse tracing Kocher,^® and Muiray,^® in 
discussing cases of goiter, mentioned that some were found accom- 

7 See, Germain Symptomes de la maladie de Basedow’s, La France ined 
25 689, 1878 

8 Griffith, A Hill Grave’s Disease Analyses of Cases from Clmiques of 
Drs Little and Glascott, Tr Ophthal Soc of United Kingdom 6 60, 1886 

9 Fox, H Brit M J 2 1184, 1890 

10 Gerliardt, C Ueber krankhafte Pulsationen bei Schlussunfahigkeit der 
Aortenklappen nnd bei Basedow’scher Krankbeit, Charite Ann 18 243, 1891 

11 Mane, P Contribution a I’etude et au diagnostie des formes frustes de 
la maladie de Basedow, These, Pans, 1893 

12 Kocher, A Ueber morbus Basedowii, Mitt a d Grenzgeb d Med u 
Chir 9 1, 1902 

13 Murraj, G R Exophthalmic Goitre and Its Treatment, Bnt M J 2 
1245, 1905 
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panied b} irregular hearts The latter stated that twelve were found 
in a senes of 182 cases Neither one gave any more definite statement, 
and m both the data Avas insufficient for diagnosing auricular fibrillation 

Mosse gave a more detailed descnption of the case of a woman, 
aged 68. with exophthalmos and definite toxic symptoms The pulse 
was described as irregular and small, with irregular heart action over 
seveial >ears He discussed the frequency of irregular heart action in 
goiter and stated that in 128 cases of exophthalmic goiter only this one 
was found 

Sattler described a case m a woman, aged 28, with definite symp- 
toms of exophthalmic goiter and attacks of rapid irregular pulse After 
rest m bed and sedatives she improved, but sbe had another attack three 
weeks later, then no more for two years, dunng which time her 
symptoms of goitei improved 

Hosshn noted marked attacks of palpitation, tachycardia up to 
240, and irregular pulse m a woman with severe exophthalmic goiter 
seen m 1901 These attacks continued until operation in 1906 The 
pulse was later perfectly normal m rate and rhythm He also referred 
briefly to another patient with struma who had severe attacks of tachy- 
cardia with absolute airhythmia following treatment with lodin 

Bamberger,^' m discussing paroxysmal tachycardia m exophthalmic 
goiter, described three cases which were undoubtedly paroxysmal auri- 
culai fibrillation One of these, in a man, aged 34, had attacks after 
administration of digitalis and after operation In the other two cases, 
the treatment and result were not given He said that the condition 
could not always be cured, and he noted that because of the irregular 
pulse these cases should not be classed with the usual paroxysmal tachy- 
cardias 

Fahrenkamp briefly described an inegular heart “airhythmia 
perpetua” in A^arious conditions In four cases, one a case of exoph- 
thalmic goiter, he found an intermittent airhythmia, with a rapidly 
beating auricle and an arrythmic ventricle The author does not use 
the term auiicular fibrillation, although this term had been used by 
this time 


14 Mosse, M Zur Kenntms einiger seltener Storungen bei der Basedow’ 
scher Krankheit, Berl klin Wchnschr 44 14, 1907 

15 Sattler, H Die Basedoiv’sche Krankheit, Leipzig, 1909, 1910 

16 Hosshn, R Die chirrurgische Behandlung der Basedowschen Krank- 
heit, Munchen Med Wchnschr 56 105, 1909 

17 Bamberger Paroxysmal Tackykardia hei Morbus Basedowii, Deutsch 
med Wchnschr 35 1403, 1910 

18 Fahrenkamp, K Vorubergehende komplette Herzunregelmassigkeiten 
unten den klinischen Bilde der Arrhythmia perpetua mit Beohachtungen uber 
A'^agusAAirkung, Deutsch Arch klin Med 117 1, 1914-5 
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Krumbhaar wrote on transient auricular fibrillation and stated 
that It occurred in infections, or toxic conditions, as hyperth} roidism 
In anothei article,-® he gives electrocardiograms taken in toxic goiters, 
and he briefly describes a few One case is given in the table In 
another case he mentioned (No 10), the patient had had auricular 
fibrillation for ten years Levine,^^ in a series of fibrillation cases seen 
at Boston, briefly mentioned one case which occui red in hyperthyroidism 
Since that time there have been several articles on auricular fibrilla- 
tion in goiter One by White and Aub,-- was on electrocardiographic 
studies in thyroid disease In forty-seven cases of hyperthyroidism, 
they found three patients with paroxysmal and three with permanent 
fibrillation — 12 7 pei cent They give few details of individual cases 
One patient with fibrillation and a pulse rate of 160 on December 20, 
was given digitalis, and on January 10 there was no fibrillation, and 
the pulse rate was 108 There was also no fibrillation when he was 
examined several months later The first examination of a man on 
February 3 revealed a rapid pulse and no fibrillation, but this was 
present on Februar}^ 16 Digitalis was given, but the patient still had 
fibrillation on February 25 Operation was performed on March 5, 
and the heart was normal when he was examined March 14 and on 
April 7 

White and Morris in a paper on fibrillation incidentally mentioned 
thyroid conditions One case of fibrillation cleared up the second day 
after digitalis therapy In discussing transient oi paroxysmal auricular 
fibrillation. Mason gave these as occurring in 7 per cent of 250 cases 
of fibrillation In one, exophthalmic goiter attacks of fibrillation had 
occurred for years 

The case reported by Crile and his associates ^ is described in some 
detail The patient had a toxic adenoma, was decompensated and 
fibrillating She improved on digitalis therap}' and other treatment, 
but she had four attacks the following yeai She was then operated on 
and was well at the last report three years later 

In Hamilton’s ® series of 200 goiter cases, eighteen showed fibrilla- 
tion, of which SIX were paroxysmal at frequent intervals throughout 

19 Krumbhaar, E B Transient Auricular Fibrillation, Arch Int Med 18 
263 (Aug ) 1916 

20 Krumbhaar, E B Electrocardiographic Observations in Toxic Goitre, 
Am J M Sc 155 175, 1918 

21 Levine, S A Auricular Fibrillation Some Clinical Considerations 
Am J M Sc 154 43, 1917 

22 White, P D , and Aub, J C Electrocardiogram in Th 3 'roid Disease, 
Arch Int Med 22 766 (Dec ) 1918 

23 White, S M , and Morris, R E The Eggleston Method of Administer- 
ing Digitalis, Arch Int Med 21 740 (June) 1918 

24 Mason, V R Transient and Paroxysmal Auricular Fibrillation. Bull 
Johns Hopkins Hosp 31 145, 1920 
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months or years All of the patients were cured of hyperthyroidism by 
operation and had normal hearts afterward Digitalis had been used 
in these cases and some patients had shown normal hearts after its use 
before operation In twelve patients there was "established” fibnllation, 
of whom four received only digitalis , three of these continued to have 
fibrillation Of eight patients who had received digitalis and who had 
been operated on, four continued to have fibrillation 

Schwenson stated that according to the Scandinavian literature, 
fibi illation in exophthalmic goiter subsided after operation He reported 
a case which was aggravated at first by roentgen-ray treatment Later a 
normal electrocardiogram was obtained Kerr and Hensel reported 
that auricular fibrillation and flutter occurred in one-third of 181 cases 
of goiter, of which 123 were adenoma and fifty-eight hyperplasia 

The earliest mention of conditions which were probably auricular 
fibrillation in goiter was made by Germain See ^ in 1878, who was struck 
b}' the fact that this irregularity of the heart had not been noted 
Several other writers described conditions which we believe were auri- 
cular fibrillation The first one given in our table (Griffith, 1886) 
possibly was not described in sufficient detail to be definitely classed as 
fibrillation The same may be said concerning the second case described 
111 1890 The other case, we believe, can be accepted as cases of fibril- 
lation Bamberger, in 1910, gave definite descriptions of cases of 
paroxysmal fibrillation, and Krumbhaar, in 1918, first described the 
condition in this country At the end of the table is included a series 
of cases by Hamilton in which age and sex are not given 

In analyzing the table we find that we have included twenty separate 
cases from 1886 to 1922 , the sex was given in eighteen, and fifteen were 
females In fourteen, the age ranged from 28 to 68, nine were in the 
fourth and fifth decades, and in six the age was not stated The data 
bearing on fibrillation is given under pulses and heait columns for the 
earlier cases only After auricular fibrillation was known and the word 
used, proof has not been given in our table Fourteen of the patients 
had paroxysmal attacks, and only three had permanent fibrillation, while 
m five the data given was not sufficiently definite to justify the assign- 
ment of them to either class No definite data were given in some of 
the cases as to how long patients had had attacks or had had fibrillation 
The time mentioned varied from a few weeks to six years Our first 
patient, judging from her history, had had fibrillation for six months , 
the second patient had had intermittent attacks for one year, and the 

25 Schwenson, C Auricular Fibrillation in H 3 ’pertliyroidism, Ugesk f 
Laeger 84 1756, 1922, abstr J A M A 80 518, 1923 

26 Kerr, W J , and Hensel, G C Observations of the Cardiovascular 
Si stem in Thiroid Diseases, Arch Int Med 31 398 (March) 1923 
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third, AMth an attack one }ear before, had had constant fibrillation for 
two months Hoesslin and Bamberger’s first patient had a history of 
attacks for from five to six 3^ears, but usually attacks had occurred only 
for several months or less befoie treatment was established 

As to the t3'^pe of goiter in which fibrillations were described, m 
SIX the observers diagnosed exophthalmic goiter, and m five Basedow’s 
disease, evidentl3’-, then, eleven cases of exophthalmic goitei m the 
eighteen cases Piobabty five of the cases were toxic adenoma (one a 
nodular goiter) , two were described as hyperthyroidism, one only as a 
goiter and one was not specified In most of the cases it was not clear 
how long the patients had had goiters, nor how long these had given 
active s3TOptoms Our first and third patients had probably had goiter 
foi ten 3 ears, with toxic S3mptoms at different times The first had 
shown active symptoms for six months before enteiing the hospital, 
the second for one 3 ear, and the last, definite toxic S3mptoms foi two 
months Willius and Boothb3’' “ stated that patients with exophthalmic 
goitei with constant fibrillation had had goiter for a longer time than 
those ^Mth intermittent or transient fibrillation and longer than an3 of 
those with adenoma with hyperth3froidism 

Griffith,® using digitalis and iron, noted marked improvement, and 
stated that the eyes were normal three 3 ears later Fibrillation ceased in 
tv o other cases after digitalis therap3 In six cases no treatment was re- 
coided, in two of these frequent attacks of fibrillation continued, and the 
data were not definite in the remaining four cases In Gerhardt’s case 
strophanthus was said to have done no good, but the patient improved 
The condition of the onl3^ patient treated with the roentgen ra3 was at 
first aggravated, but later fibrillation ceased Battler’s patient improved 
on a treatment of bed rest and sedatives Two patients continued to 
have fibrillation after administration of digitalis and operation, and 
three ceased to have fibrillation, one ceased to have fibrillation before 
operation Two of our patients, one with constant fibrillation, and the 
other with intermittent fibrillation became well after digitalis therapy 
and operation In two cases the patients are recorded as normal or 
recovered aftei operation alone 

White and Aub mentioned having had three cases of parox3’^smal 
and three cases of permanent fibrillation, but they give the details in 
only one case, as shown in the table In Hamilton’s cases diagnosed as 
hyperthyroidism, there were twelve patients with “established” and six 
with paroxysmal auricular fibrillation Some were relieved by digitalis 
alone, some by digitalis and operation Seven of the patients with 
established fibnllation did not become normal after either method of 
treatment or after both Willius and Boothby gave some detail in seven 
cases of exophthalmic and two of active adenomas All received massive 
do'^es of digitalis, and six of the sev^en were operated on, although in 
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one only a ligation was performed In this one patient decompensation 
later occurred again , the remaining ones recovered Both patients with 
adenoma recovered after digitalis therapy and operation 

DISCUSSION 

Although auricular fibrillation as such was not definitely described 
until 1907, cases almost like this, if not the same, were described as 
occurring in cases of goiter as early as 1878 Few definite details were 
given about specific cases until 1910, although cases which we believe 
to have been fibrillation have been described since 1886 There aie 
more cases m which there are paroxysmal attacks of fibrillation, 
although Hamilton had twelve patients with established fibrillation in 
his series of eighteen cases Patients with transient cases may have 
attacks lasting for fiom a few hours to a day or more, coming on in 
days or weeks, and m one case described the patient had been having 
attacks for six years The fibrillation may persist foi years, as m the 
case described by Mosse Willius and Boothby, as some others, have 
distinguished between intermittent and tiansient fibrillation 

In the twenty cases, probably eleven can be considered as exophthal- 
mic goiter Hamilton’s cases were called hyperthyroidism with no 
distinction between exophthalmic goitei or toxic adenoma The earlier 
writers used the term Basedow and did not distinguish between types 
as IS now done There can be no question that all weie active cases of 
goiter or hyperthyroidism Willius at the Mayo clinic found fibrillation 
in a higher percentage m the cases of adenoma Two of our cases were 
adenoma Undoubtedly this condition occurs m a higher percentage 
among women than among men, although Germain See stated that 
arrhythmias wei e more frequent in males Hamilton found that patients 
with a history of tonsil tiouble or rheumatism were more likely to have 
fibrillation than were others Theie is no evidence of this in the other 
cases reviewed in this paper Hamilton also found that fibrillation was 
more likely to occur in older people, in patients twenty years oldei than 
the average age of patients with goiter The majority of cases here 
reported occurred in persons in the fourth and fifth decades 

In many of the later cases the electrocardiogram has been used to 
diagnose or prove the fibi illation In a few of the earlier ones, pulse 
tracings served to give a clear enough idea The description of definite 
palpitation — rapid, irregular hearts — m earlier cases was taken as e\i- 
dence of fibrillation It is rather strange that the condition was not 
noted earlier However, despite the large percentages described by the 
Mayo and Boston clinics, smaller places either do not recognize the 
condition or it does not occur as often as these statistics show The 
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condition has been diagnosed here three times in a clinic in which about 
fifty goiter operations are performed a year Undoubtedly the goiter 
cases have a toxic origin, but whether there is definite myocardial 
damage, as Mason stated, is questionable 

As to prognosis, the results shown in the table would make one 
believe this good so far as the ultimate result is concerned since eleven 
of the eighteen patients "were either relieved entirely or markedl} 
improved in both th}roid and heart conditions Krumbhaar beheved 
that an inverted “T” m the electrocardiogram w^as a bad prognostic sign 
Others have also suggested this, while Wilhus and Boothby wnsh to 
limit this to negatne “T” in certain leads only In our first case there 
was a flat "T” w'a\e in leads II and III about fi\e w'eeks after operation, 
wdiich became normal four months later, this one and the second case 
showed negative “T” in the same leads about three weeks after opera- 
tion White and Aub beheved that the heart conditions did not parallel 
the basal metabolism figures, a view apparentl} held by Willius and 
Boothb} Our first patient here had a basal metabolism of 119 (b}" 
error this was reported as 199 per cent m the Chfton Medical Bidlehn') 
and the others 126 and 134 per cent The latter patient, an exophthalmic 
case had a basal of 126 per cent one week after the first one In 
Hamilton’s series patients with paroxysmal fibrillation have a better 
prognosis than those witli established fibrillation In our first case, a 
patient wuth established fibrillation, the condition cleared up completely 
Many cases have shown the value of digitalis therapy for fibrillation 
m goiter, as well as in other cases Kerr and Hensel stated that the 
dosage required is less than for those in wduch fibrillation is due to 
other conditions In tw^o of our cases the condition cleared up on admin- 
istration of only small amounts of digitalis and operation Some of 
the cases have cleared up, i e , fibrillation has ceased after digitalis 
alone In some fibrillation has continued until after operation In 
eight patients m this series who received digitalis or w ere operated on, 
or both, two continued to have fibrillation Three patients treated wuth 
digitalis alone recoi ered In Hamilton’s series of four patients receiving 
digitalis, three continued to have fibrillation, and m eight patients wuth 
permanent fibrillation only three returned to normal, figures not as 
good as for the paroxysmal cases, since in fourteen cases here reported, 
nine cleared up complete and onl} in three did attacks of fibrillation con- 
tinue Lake}, in discussing Tinker s-* article, stated that 30 per cent 
if digitalized recorer, wuth permanent cessation of fibrillation Our 
figures here show" that a greater percentage than this reco^ er 

27 Tinker, M B The Desperate Risk Goitre, J A M A 79 1291 (Oct 141 
1921 
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SUMMARY 

Germain See, in 1878, desciibed irregular, rapid pulse and lieait in 
cases of goiter in which there was probably fibrillation Twenty cases, 
besides a series of eighteen by Hamilton, and figures from other clinics 
have been reviewed Fibrillation may occur in hyperthyroidism, in both 
adenoma and exophthalmic cases, and may be paroxysmal or permanent 
for months or years These patients should be given digitalis as other 
patients with fibrillation are given it, and operation should be performed 
even if there is fibrillation We believe, as was stated in Schoonmaker 
and Webb’s report, that the “gravity of the heart condition relative to 
thyroidectomy has been lepeatedly ovei estimated, lesulting in delay in 
operation and in a borderline dangei ous myocardial insufficiency ” 



LESIONS DL-E TO THE BITE OF THE 
^V'HEEL-BUG ARILUS CRISTATUS 
iHEillPTERA; REDLATIDAE) 

MAURICE C HALL PhD 

V \SHIXGTOX D C 

In the fail of 1922 m\ youngest daughter ( M L H ) , aged 10 cap- 
tured a \\ heel-bug Arilits cristatus (determined b\ \\ L *vIcAtee) at 
Qie\y Chase D C and was bitten twice by it on the inner aspect of 
the little finger of the right hand at a point near the nail The finger 
became reddened and felt hot to the touch In the course of a few 
da\'' growths resembling papillomas de\ eloped at the sites of die 
punctures tlie largest of these projecting as a small hornlike structure 
Both of these growths persisted for months, the largest slowly dis- 
appeanuET between six and nine months after the infliction of the bite 
The mmred finger remained warmer than the other fingers during 
this penod and according to the patient s statement, still feels warmer 
than tlie other fingers a year later The de\elopment of pronounced 
cutaneous growths after a bite appears indicative of the action of some 
toxin as a snmulant irritant 

Over thirt}' species of Heteroptera have been reported as attacking 
man Of the genera reported m this connection from North America 
ma} be mennoned Ciiiic.r Opsicoctcs (Rcduinns) Apiohicriis Trtphleps 
An/i'i’ (tlie species in question) Conorlunus Rasahus M clanolcst es znd 
Rcdi'i lol 'S 

Tissue growths such as ‘ galls following injuries due to insects 
mites nematodes etc are not uncommon in plants In animals tissue 
growths due to parasitic nematodes are not uncommon and m the case 
of one nematode Gongyloncuia JiCopIasliciDn infestations with the 
w orm produce true malignant neoplasms wnth metastases in tissues other 
than those imaded by the worm Tissue growths following the bites 
of insects appear to be uncommon in animals 

Some of the symptoms and lesions which ha\e been reported in cases 
ot persons bitten by so-called ‘'kissing bugs and related forms are as 
loliov s The bite is followed by intense pain extending from the bitten 
finger to the head and followed by a feeling of faintness with recover} 
m less than half an hour except for shght local cellulitis (Herms) , 
intense pain the swelhng and irritation lasting for a week fLeConte 
quoted by Howard LeConte adds ‘In i err* weak and irntable consti- 
tutions it may even prove fatal but it is not clear from the wording 
whether this statement refers to actual cases or to possibilities) a 
burning pain intense itching and much swelhng with the appearance 
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of red blotches and welts all over the body and limbs, the eftects lasting 
for months oi disappearing in a few days (Marlatt) , nausea, flushed 
face, palpitation of the heart, rapid breathing, rapid pulse, followed 
by profuse uiticaria all over the body, the intensity of reaction varying 
with different individuals (Herms) , appearance the day aftei the bite 
of a local cellulitis with a dark central spot, around which frequently 
appears a bulbous vesicle the size of a 10-cent piece and filled with a 
dark grumous fluid, followed by the formation of a small ulcer with a 
central necrotic area, the surrounding tissues more oi less swollen and 
painful, and the swelling subsiding in a few days and followed by 
recovery in the course of a week (Davidson, quoted by Howard) , pain, 
followed b}'^ numbness (Lintner, quoted by Howard) , pain, followed by 
swelling, or swelling with but little pain (Howard) , pain, lapidly 
increasing in severity and extending up the arm to the lowei jaw, fol- 
lowed by slight swelling and no further inconvenience (Howard) , 
serious illness, with recovery lasting almost a year (LeConte, quoted 
by Howard) , inflammation with the arm almost useless for thiee days 
after the infliction of three bites (Osboin) 

An inspection of the foregoing shows that the local leactions may 
include a sharp pain lapidly diminishing in intensity or rapidl} increas- 
ing in intensity and extent, numbness, local inflammation lasting a short 
time or persisting for months, swelling which may be transient or persist 
for a week or longer, itching, vesicle formation, ulceration, necrosis and, 
in the present case, formation of tissue growths resembling papillomas , 
while the general reactions may include extension of pain from the finger 
to the head, faintness, generalized urticaria, which may be transient or 
may persist for a long period, nausea, flushed face, palpitation of the 
heart, rapid breathing, rapid pulse, vomiting or serious illness lequinng 
almost a year for complete recovery 

The case reported here was presented before the Entomological 
Society of Washington, and in the discussion Dr E A Schwartz and 
Mr A N Caudell stated that they had been bitten by Anlus aistatiis 
and that the bite was the most painful of injuries either of them had 
ever sustained from insects In Mr Caudell’s case, the bite was under 
the thumb nail and caused intense pain for an hour, and in both cases 
the unpleasant effects lasted for several days 

A consideration of the fact presented here leads to the following 
theories as to the relationship between the bites of these bugs and the 
lesultmg symptoms and lesions In some cases, the mechanical punc- 
ture and the injected toxin cause local pain, usually veiy severe, but 
sometimes comparable to that usually expeiienced from bee stings, and 
in such cases it might be assumed that the toxin injected was not vtry 
powerful or the patient actually or relatively tolerant of it, or that the 
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injection was subcutaneous but not intramusculai or diiectly into the 
l)lood vessels In othei cases, the bite causes seveie systemic leactions, 
sometimes lasting for long peiiods, and in such cases it might be 
assumed that the toxin was very powerful oi the patient distinctly 
intoleiant of it, or that the injection was intramuscular oi duectly 
into the blood vessels In this connection, it ma}*- be said that the long 
and poweiful pieicmg beak of these bugs is capable of entering the 
relatively laige and supeificial veins of the hand and aim In the case 
here reported, the development of papillomatous skin giowths at the 
site of punctuie might be lef erred to the stimulant irritant action of a 
toxin injected intradermally, giving use to a pionounced local reaction 
with practicall)^ no systemic effects The insect bit twice in i apid succes- 
sion, causing pain of bnl}^ moderate seventy, not severe enough to dis- 
couiage the jiatient in hei attempt to captuie the insect, and did not 
diaw blood While I have found no similar case in the literature, in a 
casual suivey, it appeals likely that a similai result would be piodiiced 
under similar conditions, i e , an mtiadeimal injection of toxin in lieu 
of the usual deep punctuie inflicted by the insect That the bites of 
the large bugs are ordinarily deep enough to draw blood is evident f i om 
the fact that ceitain species of the genus Tiiatoma (Lamm) especially 
T megisfus aie the caiiieis of the tiypanosome causing Brazilian 
tiypanosomiasis of man, Chagas’ disease The bites of these carrieis, 
like those of the bed bug, aie commonly much less painful than those of 
such bugs as the wheel-bug, which, as a lule, bite only when molested 



THE SKIN-REACTION TO MORPHIN 
J D PILCHER, MD, and TORALD SOLLMANN, MD 

CLEVnLAND 

Solutions of morphm and its esteis, when mtioduced into the skin, 
pioduce local reactions, consisting of the urticarial wheal with an 
eiythematous areola (Sollmann and Pilcher^) The lesions are quite 
like those formed in susceptible individuals by the local inoculation of 
foreign proteins, and in probably all individuals by inoculation of his- 
tamin or any one of a series of definite chemical substances (Soll- 
mann “) 

This local reaction to the moiphins laised a numbei of interesting 
questions, some of which will be consideied in this paper Perhaps the 
most important of these concerns the possibility of the modification 
of the local reaction by habituation Does the high degree of tolerance 
to the toxic actions of the morphins that is acquired by addicts extend 
also to the local reactions? oi, stated conversely, does the local reaction 
vary with changes in the systemic susceptibility, as is the case with 
desensitization or “habituation” to the protein poisons? The answei 
to this question is not only of scientific interest, but if it were to be 
positive, It might have a great practical value for the diagnosis of 
opiate addiction Unfortunately, from this point of view, the answer 
is in the negative The local reaction is not at all modified by the 
acquiiement of the systemic toleiance, it is the same in patients during 
the various stages of habituation and dishabituation, as it is in normal 
individuals Scientifically, this result is of interest in confirming the 
fact that the acquired toleiance does not extend to all the effects of 
morphm , but that it is confined to certain functions 

As regards central actions. Van Egmond ® found that tolerance was 
acquired m the older of pupils > emesis > defecation > narcosis > 
lespiratory center, while no tolerance was acquired toward the central 
vagus action Danger ^ also failed to produce any tolerance to the 
convulsant action of diacetylmorphin Apparently, the tolerance in- 
volves only the psychical inertia and its secondary results, among which 
should probably be included the miosis, the constipation, and the respiia- 
tory depression that is the immediate cause of the fatality It is natural 

From the Department of Pharmacologj^ Western Reseive University 
School of Medicine 

1 Sollmann, Torald, and Pilcher, J D J Pharm & Exper Therap 
9 309 (March) 1917 

2 Sollmann, Torald Jour Pharm & Exper Therap 9 391 (April) 1917 

3 Van Egmond, A A G Arch Exper Pathol & Pharm 65 197, 1911 

4 Danger Biochem Ztschr 45 221, 239, 1912 
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to concene that this psychical inertia could be compensated relatixeh 
siinpl} b} the gradual education of psNchic adjustments The acquired 
tolerance to the emetic action could also be explained on a ps} chic basis 
The \agus and comulsue centers and the local mflammator\ actions he 
entire!} outside of the ps}chic sphere and therefore, could not be 
corrected by ps3cbic compensations 

It ma} be added that it is also impossible to desensitize locall} to 
morphm or histamm b} repeating the applications at ten minute inter\ als 
(Sollmann") , a method that desensitizes the specific h} persusceptibihty 
of the protein of foods etc (iMackenzie and Balduin 

When the morphm skin-test is made b\ mtracutaneous miections as 
\m11 be described the response is remarkabh uniform m the great 
majorit} of subjects, normal or addicts Ko significant difterences are 
found betueen males and females or between the white and colored 
races A few- induiduals ga^e a moderately exaggerated reaction but 
these also ga\e a similar!} exaggerated reaction to the control injection 
of plnsiologic sodium chlorid solution i e their skin was h} persensitn e 
to irritation in general and not especially to the morphm irritation It 
IS probable that patients w ith a true ‘ idios} ncras} tow^ard morphin 
show a high!} exaggerated and specific reaction but none of these 
came under obser\ation 

On the other hand preexistent edema of the skin masks the reaction 
to morphm , so that the latter ma} perhaps e\ en serve as a test for the 
existence of edema or indeed general!} for the condition of the skin, 
Its dehcac} and irritabiht} 

METHODS 

The mtradennal method was used in preference to the scratch 
methods, since the former not onh acts with much smaller concentra- 
tions but also permits a much better control of the quantity of solution 
introduced into the skin and therefore gi\es more uniform results 
The injections were made into the cutis of the flexor surface of the 
forearm, a sufficient quantity of the solution being introduced to pro- 
duce an immediate distention wheal about 5 mm in diameter A 
control wheal was made with plwsiologic sodium chlorid solution 
containing 0 25 per cent of tricresol and the course of this w as com- 
pared with that of strictl} similar wheals produced b} the solution with 
the addition of morphin Iwdrochlond, m the proportions of 1 1000, 
1 ICO coo and 1 1 CCO OCO The latter solution ga^ e either no reactions 
be}ond that of the saline control or onh a minimal increase The 

5 Sollmann, T J Pharm &. Exper Therap 9 147 (Jan ) 1917 

6 ilackenzie, G and Balnwin L B Local Desensitization in Hjper- 

sensitue Induiduals and Its Beannsr on Pre\ention of Ha^-Fe^er (Arch* Int 
Med 28 722 (Dec ) 1921 /' 
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1 100,000 solution always gave mildly positive reactions With the 
1 1,000 the response was always so marked that it was deemed super- 
fluous to employ more concentrated solutions This illustrates the 
lower sensitiveness of the scratch method, which gives at most slight 
reactions with the 1 1,000 solutions A number of experiments were 
also made with a 1 10,000 solution, but as this gave no additional in- 
formation, Its use was discontinued The total quantity of morphin 
introduced at a complete test, comprising three injections, is about 
0 1 mg (1/600 grain), so that there is no possibility of any perceptible 
systemic effect whatever , nor was any such effect ever noticed by either 
normal subjects, addicts, or exaddicts 

OBSLRVATIONS 

The injection sites were usually obser\ed at five, fifteen, thirty, sixty 
and 120 minute intervals following the injection, the size of the w^heal 
and of the erythematous aiea being measured As the reactions sub- 
side, the outlines of the w'heals and, to a less extent, of the areola 
become less and less distinct, so that accurate measurements are impos- 
sible The reactions w^ere then recorded as “fading” or “faded ” 

Nonnal Cow sc of the Motphm Reactions — As has been stated, 
this IS remarkably uniform, although minor quantitative variations are 
found, even in the same indnidual, for one thing, because it is not 
practical to introduce exactly the same quantity of* the solution into 
the same area of skin These accidental variations may be smoothed 
out by multipl}'ing the observations, and since the conditions obseived 
by us did not modify the course of the reactions, w’^e may employ the 
medians of the entire senes of about eighty subjects as a basis for the 
“normal course ” The j^henomena are most typical wdien they are 
most marked, i e , with the 1 1,000 solutions 

Coiase of the Reaction to the 1 1,000 Solution — There is a momen- 
tary stinging sensation, but exceptionally a little pain Then the primaiy 
5 mm wheal, produced mechanically by the intracutaneous injection, 
becomes rapidly reddened, increases in size and is surrounded b}'^ a con- 
gested area of rathei inegular outline The maximum intensitv is 
reached in from five to ten minutes, seldom later The wheal is then 
about 12 mm in diameter, somewhat doughy, moderately raised above 
the surrounding skin, rather sharply circumscribed and fairh'- circular, 
but sometimes haA mg a few' pseudopods It is surrounded by an eryth- 
ematous aieola having the diameter of from 4 to 6 cm biight or 
“angry” red near the w'heal, paler and somewhat mottled toward the 
periphery Usually the size of the wheal and the congested area w'ere 
roughl} proportional , i e , the larger the wheal, the larger the congested 
area There w'ere exceptions, as illustrated by two exjieriments with 
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the 1 1,000 solution One subject, aged 55 had a wheal 1 6 cm and 
a congested area 4 cm in diameter, while a second subject, aged 23, 
had a wheal 1 cm and a congested area 6 8 cm in diameter This \an- 
ation IS probably due to want of parallelism between the permeabihtv 
and dilatation of the skin capillaries 



Course of morphui (composite of all experiments) The cur%es represent 
the median diameter of the wheals (broken line) and areolas (solid line) 
The diameter is given in centimeters, the time alter injection in minutes 


Subsequent Coiose — Usually within fifteen minutes after the in- 
jections, the phenomena begins to subside The wheal becomes flatter 
and paler, and its borders are less distinct The aieola decreases in 
size and color The fading progresses rather slowl) In an hour after 
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the injection, the areola is quite faint, and the site of the wheal pale, 
and still indurated, but not elevated above the surrounding skin Soine- 
vhat later, one and one-half or at most two hours after the injection, 
all -visible trace of the leaction has disappeared 

Reachons to the Moie Dilute Solutions — These dilfer from those 
just described merely in intensity and duration, these two being fairly 
paiallel Their course is shown graphically in the accompanying figure 

Moiplim Addicts Examined — The addicts used in this study in- 
cluded a small group who were leceiving known quantities of morphin 
from the Naicotic Bureau, and a larger group of inmates of the 
“House of Correction” undergoing the tieatment by rapid withdrav\al 
of the drug There is no doubt that all the subjects of both groups 
were confirmed addicts, with considerable tolerance All but two (and 
these had been receiving known quantities from the Narcotic Bureau) 
bore the scars of hypodermic punctuies, and with few exceptions, the 
scarring was quite extensive All except these two stated that they 
took their drug hypodermicall} , a veiy few b} severel} scratching the 
skin and rubbing the alkaloid into the wound The conditions were 
therefore optimal for acquiring not only a systemic but also a local 
tolerance to the morphin 

A record was kept of the statements of the subjects as to the duia- 
tion of their addiction and their normal dosage The majority claimed 
that they had taken the drugs foi many years, the average being at least 
ten years, with extremes of from a few months to forty-one years 
Man) were physically much below normal Those who had been 
without the drugs for some weeks were usually in excellent physical 
condition Their ages ranged from twenty to seventy-four } ears The 
mean of the claimed daily dosage was between 10 and 15 giains (0 65 
and about 100 gm ) of morphin or “heioin” (chacetylmorphin), with 
extremes of from 5 to 90 grains (0 32 to 5 85 gm ) The addicts w^ere 
generally very willing to furnish these data, but as they may be easily 
influenced by the hope of securing a larger supply oi slower wnthdrawal 
little use was made of their direct statements Other evidence is ade- 
quate to establish their toleiance Those supplied by the Narcotic 
Bureau received from 3 to 5i/S grains (0 19 to 0 35 gm ) of morphin 
sulphate daily from that source Many others had received a controlled 
dose before their admission to the House of Correction, and their 
tolerance w^as manifest from the degree of their response 

Classification of the Subjeits — In \iew'^ of the unreliability of the 
exact degree of habituation, it seems scarcely w^orth wdiile to classify 
the subjects from that point of view The arrangement actuall) adopted 
accoids with the stage of the treatment 
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Group A' Current addition: Five subjects who were recemug 
*"oni 3 to 51^2 grains of morphin a day from tiie Narcotic Bureau 
Group Br Abstmence sj-uiiptoiTis Eighteen subjects still receiving 
’^lorphin or diacen Imorphin in reduced but still large dosage fusii?lK 
from 1 to — grams (0 055 to 0J260 gm ) on the daj preceding the test) 
and showing abstinence sjTnptoms slight m about rwo-thirds of the 
patients severe in tlie others 

Group C‘ Complete withdrawal (short i e of from ten to twehe 
dajs ) Ten subjects Abstinence sjuntoms had completely disappeared 
Group D- Complete w ithdraw al (intermediate 1 e of from two to 
ten weeks) . Nine subjects 

Group E * Complete witliorawal ( long i e of from six to seven 
months) Nine subjects 

Taele 1 — Cos, ^c-'sot OT l,trcdcr„'c }Jcr''! i. Ttst 
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For comparison wdtli tliese we have two groups of nonadcticts 
Group I normal Seventeen normal indi\ iduals who had ne\ er used 
opiates hab’Uially, and many of whom had ne\er recened eliecnve doses 
e\en therapeutically 

Greup II therapeutic. Four subiects who had ne\er been addicted 
to opiates Out who for tlierapeutic purposes had recened se\eral 
small doses in the hospital on the days preceaing the test 

The comparative results as to intensitj- and duration of the reaction 
ma\ be illustrated by tlie obsemations for from five to thirtc minutes 
after injection as shown in Table 1. The data for all the other penods 
ha\ e been similarly tabulated but need not be reprodiiced as the\ merely 
connrm the conclusions in Table 1 
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A glance at the table shows the identity of the figures in each vertical 
column, le, the identity of the reaction of all the groups, as concerns 
the maximal or the minimal concentrations, or the intensity or duration 
of the response 

Table 2 illustrates that the extremes, as well as the medians, aie un- 
influenced by habituation 

T'^ble 2 — Exticmc Vanaitons of the Moiphin Reactions * 



Wheals 

Areola 

Nonaddiets 

n-is 

20-83 

Addicts 

Group A 

14-14 

SO-45 

Group B 

0-20 

14-CO 

Exaddicts 

Group C 

10-18 

30-60 

Group D 

10-20 

40-()0 

Group E 

O-ll 

65-67 


* Measurements (mm ) 13 minutes liter injection ol i 1 1000 solution The letterinfr of 
the groups is ns in Table 1 

COMPARISON OF THE MORPHIN TEST OF WHITE 
AND COLORED RACES 

Whether the greater resistance of the negro-skin to certain irritants, 
such as light, and dichloi diethylsulphide, extends also to morphin 
seemed worth investigating We utilized thirteen negroes of light 
to very dark skins belonging to various addiction groups , but as we 
have shown that addiction does not alter the response, they may all be 
grouped together The results are shown numerically m Table 3 Only 
the numbers for the wheals of the five-minute period aie reproduced 
The wheal i espouse is evidently identical The color of the areola 
cannot be differentiated sharply from the dark color of the surrounding 

Table 3 — Median Diamctci (Mvi ) of Wheal Aftci 5 Min 

Moipliin Hvdroeblorid 

' mooo 1 100 000 1 1,000 000 

Wliitc 12 8 0 

Colored 12 9 0-t- 

General average 12 8 + 


normal skin of the negro, although it can be seen somewhat dimly In 
the lighter mulattoes, the reaction is sufficiently visible for measurement, 
and then aveiages the same as in the white race 

INFLUENCE OF SEX 

The results in thirty-nine males and nineteen females were tabulated 
and found to be almost identical Actual figures show a somewhat 
smaller wheal and a somewhat larger areola in females For instance, 
five minutes after the injection of the 1 1000 solution, the wheals 
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a\erage 12 mm m the males, 11 5 in the females, the areolae, 40 mm m 
the males, 45 m the females These differences are within the range 
of statistical variations The} might, howeier, represent a true dif- 
ference 111 reaction, due to difteiences in the structure of the skin or 
the lesponsiveness of the capillaries to iiritation We have the impres- 
sion that fine oi delicate skins, legardless of sex, gave a greater reac- 
tion than thick, dense skin A majority of the subiects that gave 
reactions aboi e the average w'ere noted as ha\ mg fair skins but excep- 
tions to this W'ere numerous 

Age has no apparent influence in the inoiphin i espouse 

A 

THE EFFECT OF EDEMA 

The test w'as applied to three subjects, not addicts, who had edemas 
secondai} to cardiac insufficiency, their edema \ar}ing from slight to 
an extreme degree In these subjects the reaction w'as distinctly less 
than in the normal individual, as to both the size of the wdieal and of 
the congested area, and the late of disappearance The greater the 
edema the less w'as the leaction \\''ith slight edema, the leaction w'as 
similar to the normal, but persisted for a shoiter time, wuth model ate 
edema, the injection wdieal formed, increased but little in size and soon 
faded . wuth edema so extreme that fluid oozed from the needle punc- 
ture, no wdieal could be formed even wuth a 1 per cent iiiorphui solu- 
tion The erythematous area was slight m one case and could not be 
seen in a second as the subject w'as a negress In the subject wutli 
extreme edema, an appioxmiately normal congested area w'as present, 
which was of somewdiat lesser diiiation, and no increase in congestion 
was noted wuth the 1 pei cent solution The diniimshed response in 
the presence of the edema might be due to the rapid dilution or dis- 
persion of the solution It is more likel} that a tissue already edematous 
cannot swell much more, and capillaries that are compressed by edema 
cannot dilate effectively ' 

In any case, the edema must be actuall} present if it is to check the 
morphm reaction, for piactically normal wheals and areolas w'ere 
obtained on tw'O bo}s, one with seiere chronic nephritis and the other 
wath cardiac msufficienc} (aortic insufficiency and mj ocarditis), wdio 
were not edematous at the tune, although each had been so formerly 

COKCLE'SIONS 

1 Morphm administered mtradermally produces a w heal surrounded 
b} a congested area, the reaction increasing in intensity and duration 

7 Since the foregoing was written w'e note that W B McClure and C A 
Aldrich (Time Required for Disappearance of Intradermalh Injected Salt 
Solution, J A M A 81 293 [Julv 21] 1923) recenth described a similar 
phenomenon, edema hastening the rate of disappearance of the induration 
produced bj the intradermic injection physiologic sodium chlorid solution 
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with the concentration The minimum concentiation of 1 1,000,000 
was effective in about one half the experiments A 1 100,000 solution 
always produces a wheal and congested area 

2 The reaction reaches the maximum in fiom five to fifteen minutes 
and disappears in from one to two hours 

3 The reaction is in every lespect the same in addicts and in normal 
individuals Systemic tolerance of morphm, therefoie, does not induce 
local (skin) tolerance 

4 The 1 eaction is idential in the young and in old adults , m males 
and females, in the white and negio races 

5 The reaction is probably somewhat moijs marked m skins of 
fine texture 

6 The presence of edema gieatly lessens the wheal formation, and 
111 extieme cases of edema, abolishes it 



THE Fk AXD buffer VALUES OF DUODENAL 
COXTEXTS DERIVED FROM XOR^vIAL ^^lEX 

C W McCLURR V-D„ O C ilOXTAGUE 
L L- CAiIPBELL Ph B 

E^DST^X 

T^e present ccn:martiCat!on reports the resuks obtained from a 
sram of and oaEer values the latter detemilnea by eIectromet"C 
rtration of daoCenal contents dented from normal persons 

W'.za tite exceonon of the con:paraE\ ely recent padhcations ot 
McQerdcn - and of McQure - and tiieir co-workers the-e are no 
reported srcdies or die Pk of duodenal contents collected dunng the 
penod vne" intestinal digestion was dehn'tely Known to De in progress. 
T''e pane::} of observations of this narure led us to make a somev.hrt 
more ccmprehens've stndt of die subject. 

EXPERIMEXT-A.L PROCEDURE 

For the purposes of die recent investigadon. duodenal contents were 
c brained from nc-rnai young men The duodenal tube was taken before 
breakfast, nfteen hours after the last food intake and nine hours after 
the last dnrk of water. Ttie tip of the mbe was allowed to pass into 
:’'e pFxiinal end of the second portion of the duodenum, a distance of 
f-cni 5 to iO cm. from the pyloric sphincter, die posidon being deter- 
nnrec oy iiuoroscopy. The subject then ate a meal consisting of either 
a pare protein « edesdn.L a pure fat (olive od). a pure caroohydrate 
i arrowroot starcli ) . or a mixture of d^ese substruices Before ingestion, 
t’^e edestin was thorough!}, moistened with water, and the arrowroot 
starch WES cooked in Doiling water unnl a thick gela.tinous translucent 
mass was obmined. Tv en.A-dve grams of each substance constituted a 
meal* and in order to make die desired \olume 25 c.c of water was 
d'aken with die olive oil just prior to its ingestion The meal composed 
cf a mixture of the three food substances contained 8 53 gm. of each 
cf them After the ingestion of a meal the subject reclined on the 
ng'^t side ana duodenal contents were collected bv s.plionage over the 

tre l:.\ar:5 iicnonat ard the Depan-rrem cf Pnyslcs S'rarnons 

CcLLge. 

I VcCIcrcor. J. F.: Bissell F S' Lc'c^e. E. R., and Mejer P F . 
H_ crcgen-Icn Co''cerrrat' 0 'i of Co-icrts cf S—all Intestine J A.^i A 75:16oS 
‘Dec. II > 19A'. 

i^VcOn-e. C W.- Wetwere. .V S., arc Rcv-iolds. L.: Pnysical Characters 
a-d Enz>-n:at:c .Activities cf Dnodenai Centerts: F ncings Di^-nnc Gastric 
D'gesuon :r Xcrmal Yocng iltr. J A A. 77:1^-55 (XW =1 1921 
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following periods (1) from the time of ingestion of food up to the 
abrupt appearance of very daik colored bile, (2) over the succeeding 
period of thirty minutes, and (3) over a second half-hour period 
Duiing the first period of collection, intestinal digestion was at its 
minimum, while during the second and thud peiiods, intestinal diges- 
tion was in its normal degree of activity In certain experiments, 
duodenal contents were collected before the ingestion of food In other 
experiments, collections were made over two successive thii ty-minute 
periods after the ingestion of 50 c c of tap water All duodenal con- 
tents were collected in flasks immersed in ice water 

The apparatus employed in the determination of the pn of duodenal 
contents consisted of a Leeds and Northrup potentiometer, a D’Arsoval 
galvanometer, a standard Eppley cell, a calomel half-cell, a hydiogen 
electrode and a special titiation vessel of the conical Bovie type Into 
this vessel were inserted the hydrogen electrode, the capillary tube from 
the calomel cell and a thermometer The advantage of the conical cell 
IS that the material in it may be thorougbly mixed by the inflow of 
hydrogen 

The hydrogen electrode consisted of a straight glass tube in which 
was sealed a fairly large, straight platinum wire that projected about 
1 5 cm from the sealed end of the glass tube This tube was inserted 
in the hydrogen delivery tube so that the inflow of hydrogen completely 
bathed the platinized end of the wire The wire was platinized in a 
5 pel cent solution of platinic chlorid, thoroughly washed and hydro- 
genized m a solution of sulphuric acid and then washed free from acid 

The calomel half -cell was constructed in accordance wuth the usual 
standard specifications The end of the potassium chlond capillaiy 
tube leading from the calomel cell and entering the titration vessel 
w'^as drawm down to a smaller diameter and bent into a J shape This 
caused the lower, open end to point upward in the titration vessel, 
wduch minimized convection and diffusion of liquids in the tube and 
vessel 

The reliability of the apparatus was frequently tested by measuiing 
the electromotive force between the calomel cell and the hydrogen 
electrode in a solution of hydrochloric acid of knowm normality and pu 
During all determinations, there was no evidence of the electrode being 
“poisoned ” 

The pn oi the duodenal contents was determined shortly after the 
duodenal contents were collected, and at room temperature in the neigh- 
borhood of 20 C Between determinations, the contents w^ere kept in a 
refrigerator at ice temperature 

The buffer values of the duodenal contents were determined by 
titrating 50 c c of the contents with tenth normal hydrochloric acid or 
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sodium hydroxid solution, according to whether the oiiginal material 
w^as alkaline or acid The resulting /^h values W'^ere determined up to 
and beyond the neutral point Curves of these values were plotted 
against the amount of acid or alkali, and the amounts needed to bring 
the pH values to 7 w’^ere lead from the curves 

The buffer values of the duodenal contents w^ere computed from the 
equation developed by Van Slyke® (3 = ^ ^ 

A B, or A. A, is the amount of tenth normal alkali or acid solution 
requiied to neutralize 1 c c of duodenal contents, or A B, or A A, = 
-V?^-in which V is the \olume of the alkali or acid used, N the nor- 
mality of the solution and V the total volume of the original duodenal 
contents in the titration vessel The total change m the pn value from 
the original to the neutral state is A pn 

The (3 values in the tables of the present lepoit are average values, 
since the amount of acid or alkali requiied to effect a change in the pn 
value by 1 varies for different H-ion concentrations m the same material 
The buffer value of a given specimen of duodenal contents was esti- 
mated from the foregoing equation only when the titration curves of 
the pH change against the amounts of alkali or acid added formed fairly 
straight lines 

EXPERIMENTAL DATA 

The pH was determined m fasting duodenal contents and m those 
collected after the ingestion of 50 c c of tap w^atei The collections 
w^ere divided in periods of thirty minutes each The teim fasting 
duodenal contents designates the contents of the duodenum about 
fifteen hours aftei the last food intake and nine hours after the last 
drink of water But in taking the tube, subjects sw^allow’’ much saliva 
It IS also well known that the normal fasting stomach contains more or 
less acid secretion, cellular debris and mucin Undoubtedly, the stomach 
throws these materials over into the duodenum, so that there was not 
a truly fasting state of the stomach duiing the course of the experi- 
ments reported heie Preiious wmik has showm that the concentrations 
of pancreatic enzymes and of bile in duodenal contents are the same 
in contents obtained after w^ater dunking as m those removed from 
the “fasting” duodenum The results of the present study are outlined 
in Table 1 

A perusal of Table 1 show's that the pn of the duodenal contents of 
a fasting subject was either above or below' 7, while that of those 
derived from water w'ere above 7 These duodenal contents W'cre all 
pale yellow' and of slight viscosity 


3 Van Slyke, D D J Biol Chem 52 525 (June) 1922 
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The pH of duodenal contents was determined m those collected from 
immediately after the ingestion of food up to the time of the abrupt 
change from pale yellow to a very dark coloi occurred During this 
period, no stimulating efifect of the ingestion of food on the flow of bile 
or pancreatic juice had yet occurred The results are outlined in 
Table 2, which shows that the pH of duodenal contents collected under 
the conditions described may be eithei above or below 7 These con- 
tents were all light yellow and of slight viscosity The duration of the 


T-ible 1 — Pn and Btiffci Values of Duodenal Contents Collected Ovci 
30-Minute Peiiods, Eithci While the Stomach urns Fasting or 
Aftci the Ingestion of 50 cc of Tap IVatci 




Buffer Vnlues 



f 

P (buffer) Values 



2\o of C c 

Ao of Cc A/10 HCl 



A/10 HCl or 

or A lOH to 



AtOH to Bring 

Chinge pn V due 



1 000 C c Duodcml 1,000 Cc Duodeml 

Subject 

Pn 

Contents to /in 7 

Contents by Unity State of tbe Stormch 

B 

S 075 

180 

167 Fasting 

C 

6 727 


Fasting 

I 

8 264 


50 c c tap natcr ingested 

A 

7 579 


Fasting 


7 5SS 


1st 30 minutes after -natcr ingestion 


8 003 


2d SO minutes after ivater ingestion 

Table 2 

— Ph and Buffet 

Values of Duodtiial Contents Collected ftom 


Immediately Aftci the Ingestion of Food up to the Onset of 




Intestinal Digestion 



Buffer ilues 




P (buflei) 1 dues 



Ao of C c 

Ao ofCc A/lOHCl 



A/IO HCI or 

or A lOH to 



\ lOH to Bring 

Change »h ^ aiue 



1 flOO C c Duoden il 1 OtO C c Duoden il 

Subject 

7)n 

Contents to pa 7 

Contents by Unity Kind of Food Ingested 

B 

6 240 

110 

144 Olive oil 


7 811 

ISO 

222 1 destin 

C 

6 937 


Olive oil 


7 485 

98 

202 r destin 


5 961 


Olive oil, edestin and arrowroot st ircli 


periods of collection \aried from eight to thirty-nine minutes During 
the collection of these specimens, food appeared in them within the 
first few minutes 

Tables 1 and 2 deal with duodenal contents collected over periods 
during which the stimulating effect of food on the flow of bile and 
pancreatic juice was not present,^ as will be discussed latei Table 3 
presents the results obtained from a study of the pn and buffer values 
of duodenal contents collected during periods when the stimulating 
effect of food on the flow of pancreatic juice and bile was present, as 
will also be discussed later ^ This effect began with the change from 

4 McClure, C W and Wetmore, A S Boston M & S J 187 882 (Dec 
14) 1922 
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the initially light yellow colored bile to a very deep colored bile The 
findings in these duodenal contents are outlined in Table 3, a stud} of 
which shows that in both subjects duodenal contents derived after the 
ingestion of either olive oil or airowroot starch uere alkaline (pn above 
7) , while those collected after ingestion of edestin or the mixtuie of 
food substances weie acid {pn below 7) These duodenal contents uere 
all some shade of dark yellow and of moderate viscosity, and all con- 
tained food 

The figures for buffer values which are presented m the tables, with 
their sig^iificance and also that of the pn values will be discussed under 
sepal ate headings 


Table 3 — Pa and Buffei Values of Duodenal Contents Collected Over 
Tzvo Consecutive 30-Minute Pei tods Aftei the Onset of 
Intestinal Digestion 




Buftei 1 allies 




r 

6 (buffei) Values 




No of C e 

No ofCc N/lOHCl 



N/IO HCl or 

or NaOH to 




NaOH to Bring 

Change pn ^ alue 




1,000 C c Duodeml 

1 000 C e Duodenal 


Subject 

Pn' 

Contents to pn 7 

Contents bA Unitj 

Kind of Food Ingested 

B 

7163 

20 

139 

Olne oil 


8102 

109 

153 



5101 

324 

172 

Fdestin 


3172 

710 

183 



7 013 





7 971 

223 

230 

Arronroot starch 


6 806 

70 

392 

Olueoil edestin and irronroot starch 


0 879 




O 

7 011 



Olive oil 


0 743 

36 

140 

Fdestin 


0684 

00 

209 



7178 



Arroiiroot starch 


7 745 

91 

122 



0 367 

174 

273 

Olive oil edestin ind arroM root starch 


6 000 

2‘0 

230 



BUFFER VALUES 

Enzyme action is profoundly affected by the hydrogen-ion concen- 
tration of the medium m vhich the active principle is either suspended 
or dissolved , and the maintenance of the pn value of the medium is 
conditioned m large measure by the concentration and efficiency of the 
buffer substances piesent Buffer conditions are included m the present 
report as a part of the examination of the duodenal contents, and the 
values obtained are collated in Tables 1, 2 and 3 

Some years ago, V an Slyke ^ published an interesting generalization 
in which he defined as the buffer value (3 the relationship of the amount 
of acid lespectively alkali necessary to produce a change of 1 in the 
value of the pn The equation developed by Van Shke has already 
been described in this article An inspection of the conditions shows 
that at best this buffer a alue as computed for duodenal contents would 
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be only an approximation of an empiric relationship, and in the extreme 
cases could range from limits of zero to infinity in magnitude 

In the present study, the titrable acidity or alkalinity has been 
detei mined by bringing a definite quantity of the duodenal contents to 
the neutial point by the addition of standard acid or alkali, the choice 
governed by the initial leaction of the duodenal contents, pn values 
were determined initially and the neutral point evaluated by furthei 
potentiometnc comparisons, after addition of successive portions of the 
titration solutions By dividing the number of cubic centimeters of the 
titration fluid with the numeiical expression of the pn range involved m 
the titration, an empiric value has been deiived somewhat analogous to 
the 13 value of Van Slyke 

When calculated on the basis of a change of one in the value of the 
pH, the buffer v^alues for duodenal contents aie surprisingly unifoim 
(Tables 1, 2 and 3), there being evidences of an almost linear rela- 
tionship 

The presence of ohv'e oil would not influence the titiation v’^alue of 
duodenal contents on addition of a solution of hydrochloric acid The 
amounts of either edestin oi arrowioot staich which weie grossly visible 
in duodenal contents were minute , as were, also, the quantities of non- 
protein nitrogen or of sugais, as determined by analysis For these 
reasons, the buffer values were slightl}, if at all, influenced by the 
content of food substances 

The absence of buffer action of the food substances used and the 
uniformity found in the buffer values of the duodenal contents indicate 
that the physical chemical factors governing the buffer conditions were 
approximately the same in all specimens of duodenal contents, i e , the 
findings indicate that the various types of food substances had about 
the same stimulating effect on the external functions of the liver and 
panel eas as regards the production of buffer substances 

H\DROGEN-ION CONCENTRATION 

In a former publication it was shown that whenever food reaches 
the duodenum, there ev^entually occurs coincident augmentation in the 
flow of bile and pancreatic juice, i e, food m some way produces a 
coincident stimulation of the external functions of the liver and pan- 
creas Since that publication appeared, the coincidence of this dual 
stimulation has been confirmed by the application of newly devised 
methods,^ which furnish an index to the concentration of the bile present 
in duodenal contents From these studies, it is concluded that m normal 
man the production of a materially augmented flow of bile is accom- 
panied b}- stimulation of the external secretory function of the pancreas 


5 Unpublished observations 
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The increase in flow of bile is readily detected on gross inspection, and 
occurs when the initially light colored duodenal contents abruptly change 
to a very dark shade of yellow Thus, this coloi change inferentially 
furnishes an accurate index to the time when the onset of stimulation 
of the flow of pancreatic juice occurs in normal persons 

In the same publication ‘ it was demonstrated that after pancreatic 
stimulation had occurred, it continued as long as food was passing 
through the duodenum In former studies ” it was shown that meals of 
a volume of 50 c c produce the same degrees of pancreatic, and appar- 
ently hepatic, stimulation as do meals of a volume of 300 c c 

The foregoing discussion permits the conclusion that the duodenal 
contents analyzed in Table 3 were collected while the external func- 
tions of the liver and pancreas were as active as is usual during normal 
intestinal digestion It will be recalled that these duodenal contents 
were collected over two consecutive thirty-mmute periods aftei the 
abrupt change to dark colored bile occurred, following the ingestion of 
food Table 3 shows that during the periods of collection the duodenal 
contents derived from edestin and the mixture of foodstuffs were acid, 
while those from olive oil and arrowroot staich were alkaline Evi- 
dence has been presented ■* showing that olive oil is a more powerful 
stimulant to the activity of the external secretory function of the pan- 
creas than IS edestin or arrowroot starch These findings show that 
the liver and pancreatic external functions were apparently stimulated 
to normal activity regardless of the reaction of the duodenal contents 
obtained from the proximal portion of the second part of the duodenum 
(about 5 to 10 cm from the distal end of the pyloric sphincter) 

Tables 1 and 2 concern duodenal contents collected (a) while the 
patient was fasting, (b) after the ingestion of tap water, and (c) from 
immediately after the ingestion of food up to the appearance of very 
dark colored bile It has been shown that during these periods of 
collection the activity of the exteinal functions of the liver and pancreas 
IS much less than after the onset of normal digestion Nevertheless, 
the pn of these duodenal contents lies within the same range as those 
found in duodenal contents collected over the period during which intes- 
tinal digestion was in active pi ogress (Table 3), except for the more 
acid contents deiued from Subject B of Table 3 after the ingestion of 
edestin Thus, m these experiments, no demonstrable relation existed 
between the pn of duodenal contents and the concentrations of bile and 
pancreatic juice in them 

The contents of the duodenum were acid for ten and tw'enty-one 
minutes before hepatic and pancreatic stimulation occurred m Subjects 
B and C of Table 2 after the ingestion of olive oil , while such stimula- 


6 AIcClure et al Footnotes 2 and 4 
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tion failed to occur in Subject C of Table 1, although the duodenal 
contents were acid These findings, together with the absence of rela- 
tionship between the pn of duodenal contents and the concentrations 
of bile and pancreatic juice in them, offer additional support to the con- 
clusion drawn from pievious work,^ namely, that under normal condi- 
tions acidity is probably not essential for the stimulation of the external 
functions of the livei and pancreas Howevei, it is always to be borne 
111 mind that duodenal contents collected in the manner described lepie- 
sent a summation of progiessue series of secietory activities In other 
words, the properties of any sample are the algebraic sums of the several 
properties possessed by the manv fractions n Inch go to compose the 
sample Thus, in a collection period of thiity minutes, it notild be 
quite possible for the secretion of the first few minutes to be acid or 
alkaline in character, while m the lattei portion of the collection time 
a preponderating amount of the opposite type of material could collect, 
neutralize the first poition and give a final leaction on its side of the 
neutral point This fact connotes the necessit} of exeicising a large 
measure of caution in di awing final conclusions 

The work of Mj^ers and McClendon ' is of interest in relation to 
the foregoing discussion These authors detei mined the pn of duodenal 
contents after the ingestion of meals of the character usually eaten by 
normal peisons They found that the leaction of the duodenum between 
three and four hours after meals usuall} fluctuated aioiind the neutral 
point It is infeired from their publication that in many patients the 
alkaline contents yere removed fiom the region of the duodenum lying 
immediately distal to the pyloric sphincter Unfortunately, the details 
of the collection of duodenal specimens of importance m i elation to 
the interpretation of the work piesented here are not given In general, 
the figures reported in their publication aie comparable to those pie- 
sented here 

CONCLUSIONS 

1 The pH of duodenal contents varied after the ingestion of various 
food substances Duodenal contents were acid aftei the ingestion of 
protein and mixtuie of food substances and alkaline after ingestion of 
fat and carbohydrate food substances 

2 No relation was found between the pn of duodenal contents and 
the stimulation of the floy of bile and pancreatic juice 

3 The findings indicate that the vaiious types of puie food sub- 
stances had about the same stimulating effect on the external functions 
of the liver and panel eas as regards the production of buffer substances 

483 Beacon Street 
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DIATHERMY AND ITS APPLICATION TO PNEUMONIA By Harry 
Eaton Stewart, M D , Attending Specialist in Physiotherapy, U S Marine 
Hospital, New York Paul H Hoeber, Inc , Price $3 

The introductory chapter of this book is devoted to a general discussion, 
including brief reference to the use of diathermy in the U S Marine service 
during the war, and to some general remarks, especially m regard to pneumonia 
The second chapter discusses diathermy technic, including the method of 
application to various portions of the body, and the diseased condition to which 
it IS applicable The reviewer is rather skeptical of its value in some of the 
conditions recommended by the author, as “simple myocardial conditions,” to 
“accelerate absorption of clot after hemiplegia ” “In those conditions where 
general cerebral degeneration sets in, due to arteriosclerosis, this current is 
a rival of galvanism in its effect on improving the nutrition of brain cells ” 
The third chapter discusses surgical diathermy, chiefly in malignant tumor 
and tonsils 

Chapters four, five and six are devoted to the treatment of pneumonia The 
author reports marked lessening of the pleuritic pain and consequent slowing 
of respiration and lessening of cyanosis ^ Thirty-six patients with lobar pneu- 
monia treated with diathermy gave a mortality of 194 per cent In twenty-one 
controls, the mortality was 384 per cent Practically all the treated cases 
terminated by lysis As the average age of the patients was 35 years, a 
mortality of 194 per cent is not especially striking, when we consider that the 
mortality m the first 5,000 cases of lobar pneumonia in the army during the 
war was less than 10 per cent It is true the average age of these patients 
was considerably under 35 years 

The book rather suggests lack of a profound knowledge of pathology and 
internal medicine on the part of the author and contains a large number of 
loose statements The possibilities of diathermy should not be ignored, and this 
book will be useful for those who wish to make a study of this subject 

NOSOGRAPHY IN MODERN INTERNAL MEDICINE By Knud Faber, 
M D , Professor of Internal Medicine, University of Copenhagen , with 
an Introductory note by Rufus Cole, M D , Director of Hospital, Rocke- 
feller Institute Twenty-one full page portraits Price, $3 75 New York 
Paul B Hoeber, 1923 

Under an unfamiliar name, we have here a valuable contribution to medical 
history Too often writers on medical history have felt it necessary to cover 
the whole subject from the beginning of the world, with endless notes and 
innumerable biographies This tendency probably has had much to do with 
the neglect of the study of medical history Knud Faber has traced the growth 
of nosography, that is the description of disease, in a masterly and attractive 
manner As he correctly says, the importance of the nosographic method in 
investigation has been, and still is, very "differently rated by different author- 
ities For this reason, he has made a study, the salient points of which follow 
On page 5, he takes up the work of the man “who first consciously and 
clearly gave clinical observation its place of honor as a scientific method” — 
Thomas Syndenham , and, in the following twelve pages, he gives a clear and 
adequate account of Sydenham’s work, so far as necessary for this study, and 
at the same time indicating his limitations 

In ten pages more, the ground is co\ered to the consideration c'" the Pans 
school at the beginning of the nineteenth centurv, the work of Morgagni and 
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Auenbrugger being appropriately mentioned in connection with the period in 
which their work was really appreciated Boerhaave is properly described 
as a brilliant teacher rather than an independent clinical investigator, qualities 
that characterize also his numerous pupils As the author points out, in this 
period some advances were made in nosology Varicella, influenza, ergotism, 
lead poisoning, scurvy, sciatica, trigeminus neuralgia, paraplegia m spinal caries 
and angina pectoris began to claim attention The author’s power of con- 
densation IS well shown m his account of Sauvages and Lmne 

From this time, the author does not travel so rapidly An estimate is made 
of Pmel, Bichat and Corvisart and the epoch-making Laennec, and their most 
important pupils are briefly placed In a few words, Faber epitomizes the 
results of this epoch “The violence with which clinical medicine was com- 
pletely revolutionized will always remain one of the wonders of medical 

history ” 

The Irish clinicians, and also Addison and Bright, are properly appreciated 
The reference to W W Gerhard, the brihant American pupil of Louis, reminds 
one that, although Gerhard and his descendants anglicized the name, leaving 
the “h” silent, many now pronounce it m the teutonic fashion Skoda, Rokitansky 
and Schoenlem appropriately close this chapter 

The next is devoted to “German physiological medicine,’’ although, as 
the author points out, Magendie had already initiated the physiologic move- 
ment Faber shows the weak points m that movement, m general so fruitful, 
such as the Vircho-Niemeyer tuberculosis teaching As he says, German 
physiologic medicine was in the mam preparatory, leading up to the new clinical 
era, through methods developed chiefly by phj'siologists and chemists In 
speaking of Claude Bernard, he shows how easy it is for physiologists to miss 
the clinical point of view An account of the great place filled by Trousseau 
leads to the name of Pasteur, and the bacteriologic clinic gives the name to a 
chapter in which the most outstanding discoveries and inventions in specific 
pathology are described A large chapter is properly devoted to functional 
diagnosis Many will think too much space is given to the views of Ottomar 
Rosenbach, interesting as they are In this chapter, the wide range of the 
author’s study is shown by his familiarity with the work of American inves- 
stigators He points out how the modern advance has finally led to the point 
that the patient himself can be treated, rather than the disease Gastric ulcer 
IS mentioned as an illustration of the errors into which diagnosis may fall As 
the study of “hyperacidity’’ advanced, gastric ulcer became more and more 
rarely diagnosed, especially in German clinics, and ulcer only came back as 
a clinical diagnosis after surgery had taken over the old anatomicoclinical 
diagnosis The French internist, Soupault, is given credit for the innovation 
In this chapter, Faber discusses with great insight the proper point of view 
of the clinician 

The final chapter is devoted to constitutional pathology, a movement that 
“belongs almost entirely to the twentieth century, and is directly associated with 
the influence which modern research on heredity has had on pathology ’’ 
Nowhere is the boundless extent of the basis of nosography better shown than 
in its turning to the experiments of Mendel and his successors In this chapter, 
too, IS a discussion of causes, conditions and disposition In his final remarks, 
the author sums up the essence of nosographic study 

The little work will be interesting to clinicians familiar with medical 
history on account of the skill with which the large subject has been brought 
within reasonable limits It should be carefully read by all medical students 
in their early years, especially in the long period m which they hear little of 
clinical medicine, and that very often m an unsympathetic tone 

The publisher has done his work fairly well In these pictorial days, a 
few more portraits could have been added with advantage Errors m the text 
are few Welcher (p 80) should be Welcker, and typhus (p 118) typhoid 
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PARADOXICAL SHORTENING OF THE COAGULATION 
TIME OF THE BLOOD AFTER INTRAVENOUS 
ADMINISTRATION OF SODIUM CITRATE 

NATHAN ROSENTHAL, MD, and GEORGE BAEHR, MD 

NEW YORK 

Sodium citrate renders blood incoagulable when the two are mixed 
in proper proportions in the test tube Because of its well-known 
anticoagulant action, it was first employed for blood transfusions m 
this country by Lewisobn ^ and by Weil,^ and abroad by Hustm ^ 
and Agote ^ 

In 1915, while working with Lewisobn ^ on some of the pre- 
liminary experimental work, one of us (G B ) observed a remarkable 
and apparently paradoxical shortening of the coagulation time of the 
blood m human beings and dogs following transfusion of the citrated 
blood The effect was strikingly brought out in one of these experi- 
ments Blood taken from a dog before a citrate transfusion showed a 
clotting time of five minutes Three hundred cubic centimeters of blood 
was then lemo^ed and mixed with 5 cc of 10 per cent sodium citrate 
solution and reinjected into the jugular vein of the same dog Blood 
taken at intervale of three minutes showed a gradually diminishing 
clotting time, until after one half hour the clotting time was found to 
be reduced to ten seconds This experiment was later confirmed by 
Hedon ° 

Subsequent experiments demonstrated that this action was due to 
the sodium citrate and not to the transfused blood Weil ^ was the 
first to report this fact He injected as much as 5 gm intravenously m 
a human being and found that the coagulation time of the blood was 

^ From the Pathological and Medical Departments, Mount Sinai Hospital, 
New York The work was done during the tenure of a George Blumenthal, Jr , 
Fellowship m Pathology 

1 Lewisohn, R Med Rec 87 141, 1915 

2 Weil, Richard Sodium Citrate in the Transfusion of Blood, JAMA. 
64 425 (Jan 30) 1915 

3 Hustm, A An et bull Soc roy d sc med et nat de Bruxelles 72 104, 

1914 

4 Agote, L An d Inst mod de dm med , Buenos Aires 1 25, 1915 

5 Hedon, E Presse med 26 57 (Feb 4) 1918 
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reduced by one-half about ten minutes after the injection These 
observations have recently been amply confirmed by Neuhof and 
Hirschfeld® in a laige series of surgical cases, using even larger doses 
than Weil (up to 9 gm ) They recommend the employment of 
sodium citrate in cases of hemorrhage and when a lelatively bloodless 
operation is desiied 

During the last four }eais, we have repeatedly employed this means 
of arresting secondary hemorrhages in a variety of medical conditions 
such as gastric ulcer, pulmonary tuberculosis, cerebial hemoirhage, 
t}phoid fever and excessive bleeding from a tooth socket following 
extraction, and aftei tonsillectomy From 3 to 6 c c of a 30 per cent 
solution of sodium citrate (3 to 6 gm ) has usually been administered, 
very slowly, the intravenous injection taking from ten to fifteen minutes 
for completion 

We have not been able to convince ourselves that the intramuscular 
administration recommended by Neuhof and Hirschfeld " is by any 
means as efficacious Leone ® did not find any diminution of blood 
coagulation after intravenous injection of sodium citrate But he used 
toxic doses We ha\e limited ourselves to its intravenous use in spite 
of the fact that its employment is not entirely without danger In one 
case,® not in oui hands, it has been followed b}- a fatality, undoubtedly 
due to a too hasty administration If properly administered, from 3 
to 6 gm can be safely given to an adult of average size In blood dis- 
eases, for reasons subsequently to be developed in this paper, its 
employment is at all times contraindicated 

This striking phenomenon, shortening the coagulation time of the 
blood, the exact opposite of what occurs m vitro, was made the subject 
of a detailed experimental study m order to ascertain what changes 
vere induced by sodium citrate in the complicated mechanism of blood 
coagulation Foi this purpose the effect on each factor involved in 
coagulation was studied individual^ 

MATERIAL AND TECHNIC 

Chemically puie sodium citrate was used for the solutions 
Although the effect on dogs is probably more pronounced, cats were 
selected as the animals of choice m the laboratory, because they were 
more easily obtainable Blood was withdrawn from various vessels 
(caiotids, jugulars and femorals), pieferably with an all-glass syringe or 
a cannula, before and aftei the intravenous injection of sodium citrate 
The syringes were sterilized and washed with saline solution before use 
Usually, 1 5 c c of blood was removed for each observation and divided 


6 Neuhof, H, and Hirschfeld, S New York M J 95 113, 1915 

7 Neuhof, H , and Hirschfeld, S Ann Surg 76 1 (July) 1922 

8 Leone, G Riforma med 38 313 (April 3) 1922 
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in tvo small tc=t tulic= For the purpo-c of dctcrmming the coagu- 
lation time, half of the sample v.as put into a small test tube prcv!Ou=h 
washed with calme solution (Lee and White''; and the re^t of the 
blood was put into a second ^mali te=t tabe containing 003 cc of a 
30 per cent solution of sodium citrate The second tube wa= immedi- 
ately shaken in order to mix the blood and =odium citrate, and it was 
then allowed to stand about one half hour or longer to insure the 
sedimentation of the red blood cells so that tiie blood platelet= could 
be easily counted in the supernatant plasma 

The citrate solution v'.as injected %er> ^lowK because otherwise death 
from cardiac or respirator}' failure rapidly ensued In a favorable 
experiment, the shortening of coagulation time begins within ten 
wwates and reaches its maximum within one hour 

Calcivm — Sodium citrate c'-'crts its anticoagulant effect in \ itro by 
a change in the calcium balance of the blood as show n b} Sabbatam 
It might therefore be anticipated that the opposite effect v/hich it exerts 
in vno IS also caused hy a -variation in the blood calcium Ilov/ever, tv/o 
=et= of observations immediately contradict thi= po-'ibilit} rir=t, we 
have been unable to find any ehange in the calcium content of the blood 
after intravenou= admini=tration of =odium citrate The anal}se5 were 
performed hy Dr J S Kohn, and are in agreement with the old 
observations of Sabbatam Secondly, the calcium in normal blood 
apoears to be the optimum amount needed for coagulation f Clow'es 
The addition of variable quantities of calcium ehlorid to normal blood 
influences the rate of coagulation either verv' little or not at all 

Sodium citrate forme a loose compound with the inorganic calcium 
and does not remain in the blood stream long enough to be a factor 
fSalant; Vines has shown that it is the organic combined calcium 
that 1 - of importance in blood coagulation We could therefore elimi- 
nate calcium as the respon=ibIe factor in the hastening of blood coagula- 
tion after the intravenous injection of sodium citrate 

Fibrinogen — The fibrinogen content of human and of cat’s blood 
before and after citrate administration was determined according to 


9 Lee, R I, and White, P D Am J M Sc 145. -t 95, 1913 

10 When sufnae-rt sodium atratc -".as injected to inauce death of the animal, 
tne blood within the heart and great vessels was found to be incoagulable 
When "e recalcificd this blood it coagulated promptl,, an indication tnat deatn 
•'as due to calcium oepri at.on and not to anj anaph; laxis-Iike phenomenon 
When a large tone dose was injected, tne blood also became incoagulable but 
clotted on recalcification The effect v as due to the sodium citrate present in 
the blood stream, producing tne same effect a= in the te=t tuOe Thi= ha= also 
been noted b; L Saubatanl fAtti d r Accad d sc d, Torino SG*1, 27, 1901; 

11 Sabuatani, L Compt rend Soc oe Eiol 54 716 1902 

12 Clowes, G H.' T. Physical Chem 20:^07, 1916 

13 Salant, WW and W'ise, L E * Jour. Biol Chem 28 27 fDec ; 1916 

14 \ iUes, H W C J Pn, siol 55*86 (ZMzi j 1921 
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Gram’s method and also the most recently suggested method of Foster 
and Whipple No appreciable difference in the content of fibrinogen 
was observed after the injection, even when the coagulating time of the 
blood had been shortened to less than half An inciease in the amount 
of fibrinogen was thereby eliminated as the responsible factor 

Ajitithi ombin — The so-called antithrombin factor desciibed by 
Howell as often responsible for variations in the relative coagulability of 
blood was also eliminated fiom consideration We carried out observa- 
tions m accordance with Howell’s and Hess’s i ecommendations and 
could find no change in this theoretical factor after the citrate had been 
injected 

Cytozyme and Seiozyme (Thiomboplastic Substance and Pro- 
thrombin) — Howell’s method of demonstrating the relative amount 
of prothrombin (or serozyme) was also employed This theoretical pre- 
cursoi of thrombin (according to HoM^ell) is studied by collecting the 
blood in sufficient potassium oxalate to prevent coagulation The 
so-called prothrombin time is the coagulating time of the oxalated plasma 
after recalcification We found that after injection of the sodium 
citiate, the prothiombm time was shortened, often in exact proportion 
to the diminution in the coagulation time of the whole blood 

Unfortunatel}-, the results were not altogether constant On investi- 
gation, this inconstancy was found to depend on the length of time that 
intervened between the drawing of the blood into the oxalate and its 
subsequent recalcification If the oxalated blood was lecalcified imme- 
diately after being drawn, the so-called prothrombin time was equivalent 
to the coagulation time of the unoxalated blood If tbe oxalated blood 
was allowed to stand for ten or fifteen minutes befoie being recalcified, 
the prothrombin time was greatly reduced, perhaps fiom five minutes 
to one minute We have therefore been unable to convince ourselves of 
the absolute accuracy of any of the quantitative observations on pro- 
thrombin Citrated blood acts in similar and even moi e marked fashion 
than oxalated blood, so that the citrate method recommended by Gram 
for blood coagulation cannot be considered reliable However, when 
the specimens of oxalated or citrated blood drawn before and after the 
injection of sodium citrate were all recalcified at the same intervals after 
being drawn, the prothrombin time was found to be definitely shoi tened 
at the time after injection when the clotting time of the whole blood is 

15 Gram, H C Jour Biol Chem 49 279 (Dec) 1921 

16 Foster, D P , and Whipple, G H Am J Physiol 58 365 (Jan ) 1922 

17 Howell, W H Condition of the Blood in Hemophilia, Thrombosis and 
Purpura, Arch Int Med 13 76 (Jan ) 1914 

18 Hess, A F J Exper Med 21 338, 1915 

19 Gram, H C Bull Johns Hopkins Hosp 31 364 (Oct ) 1920 
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shortened One can say, therefore, that dunng the peiiod after injection 
when the clotting time is shortened, there is a marked increase in the 
activity of some thiomboplastic substance in the plasma 

Blood Platelets — In view of the fact that the chief source of tne 
activating agent for blood coagulation is behe^ed to- be the blood 
platelets, careful counts of the platelets (m the plasma) uere made 
before and at intervals after the administration of the sodium citrate 
The experiments were first checked up by a control experiment in 
which the procedure was the same except that the sodium citrate injec- 
tion was omitted (Table 1) 

It will be noted in Table 1 that the clotting times and blood platelet 
counts show only slight variations 


Table 1 — Conti ol Experiment 


Time 

Coagulation Time 

Blood Platelets 

3 15 

5 min 

352 OCO 

3 25 

6 mm 

322,000 

3 29 

7 min 

313 000 

3 34 

7 mm 

31C.C00 

3 4C 

0 mm 

352,000 

3 55 

C mm 

313 COO 

4 CO 

7 min 

S43,SOO 


Table 2 — Effect of mti avcnoiis injection of 0 3 to 0 5 Cm Sodium Citiatc 


Cat 3 Cat 4 Cat 11 Cat 12 Cat 10 

^ ^ K ^ 



Coagu 


Coagu 

Coagu 


Coagu 


Co igu 



1 ition 

Blood* 

lation Blood* 

lation 

Blood* 

lation 

Blood* 

lation 

Blood* 


Time, 

Plate- 

Time, Plate- 

Time, 

PI ite 

Time, 

PI ite- 

T line. 

Plite 


Iklm 

lets 

IVIm lets 

Mm 

lets 

Mm 

lets 

31 III 

lets 

Before injection 

S 

620, SCO 

11 1 139,200 

11 

509,600 

14 

040,000 

S 

429,000 

5 minutes later 




9 

448,000 

12 

521,000 



10 minutes later 

4 

00,8001 

3 1 500,000 

6 

512,000 

3 

90,000 ; 

8 

250 OCO 

20 minutes later 

IV- 

270,000 

2V. 739,600 

4 

384 000 

2 

458 000 

4V 

384,000 

40 minutes later 

IV. 

510,000 

2M. 640,000 

1% 

308,000 

3 

325 OOO 

2'^ 

320,000 

50 minutes later 






2 

325 COO 


387,000 


^ In plTsmn f clot retraction X Slight clot rctr iction 


When sodium citrate is injected intra\ enousl} , the blood platelets 
frequently show an immediate diminution, but then number more or 
less quickly returns to noimal 

The experiments outlined in Table 2 illustrate this point 
An analysis of the experiments m Table 2 le^eals that the intra- 
Aenous injection of 0 5 gm of sodium citrate m the cat results in the 
following changes 

1 A marked reduction in the coagulation time which begins within 
fi\e minutes after the injection and reaches its maximum from one half 





540 


ARCHIVES OF INTERNAL MEDICINE 


to one hour later The maximum effect in Cat 1 1 represented a reduc- 
tion in coagulation time from eleven minutes to one and one-half 
minutes 

2 A marked reduction in the number of blood platelets in the cir- 
culating blood The most pronounced reduction was observed in Cat 3, 
in which the count was reduced from 620,800 to 60,800 within ten 
minutes after the injection In some instances, the reduction is less 
marked and occurs more slowly Within one-half hour, however, the 
count begins to rise toward noimal 

3 When the blood platelet count reaches a very low point (as 
occurred ten minutes after injection in Cat 3 and fifteen minutes after 
in Cat 12), the clot resulting from the coagulation fails to retract This 
confirms the accuracy of the low platelet counts 

4 The blood platelet counts would seem to indicate that between 
ten and fifteen minutes after the injection in Cats 3 and 12, more than 
85 and 90 pei cent of the platelets had been suddenly destroyed or 
lemoved from the systemic circulation 

5 Although both a i eduction in blood platelets and in the coagulating 
time of the blood is appreciable five minutes aftei the injection, the 
penod of maximum reduction in platelets by no means corresponds to 
the period of maximum shortening in the coagulation time In fact, the 
two curves nevei run parallel The reduction in blood platelets reaches 
Its maximum very rapidly and returns toward normal within a half hour 
as a rule , whereas the maximum shortening in the coagulating time of 
the blood occurs from one half to one hour after the injection (when 
the platelet count is often already back to normal), and may persist at 
this level for several houis and then only slowly leturn to normal within 
the succeeding twenty-four hours 

The impression gained, therefore, from these experiments is that 
the primary process is a destruction or removal of blood platelets from 
the circulating blood If the platelets ivere reduced by a mere destruc- 
tion within the circulating blood, the maximum shortening in the coagu- 
lating time would have occurred simultaneously with the maximum 
reduction in blood platelets The platelets that had been in contact with 
the sodium citrate must therefoie have been removed from the blood by 
some organ, perhaps the spleen or by the blood phagocytes and then 
gradually destroyed, thromboplastic substance (cytozyme) being thereby 
gradually liberated into the circulation The spleen seems to us the 
more likely agent for the removal and destruction of platelets in view 
of the unquestioned role it plays in the similai mechanism involved in 
the so-called thrombocytopenic purpura (Kaznelson,^® Brill and 

20 Kaznelson, P Ztschr f klm Med 87 133, 1919 
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Rosenthal Furthermore, it is inconceivable that the blood phagocytes 
would be capable of remoring a large number of the platelets from the 
circulating blood uithin a few minutes 

If our interpretation of the above described phenomena is true, the 
entire process already has its analogy in toluylendiamm poisoning The 
difference between the action on blood of toluylendiamm and of sodium 
citrate is chiefly a difiterence in point of attack, the former affecting red 
blood cells, the latter the blood platelets Toluylendiamm according 
to Joannovics and Pick does not destroy red blood cells m vitro, but 
It does something to them because red cells which have been in contact 
with the chemical are rapidly removed from the circulation by the spleen 
and there destroyed Similarly, sodium citrate does not destroy plate- 
lets m vitro It preserves them m the test tube In fact, this preserva- 
tive action IS employed as the basis for the use of sodium citrate m the 
present methods of counting blood platelets After being m contact with 
sodium citrate, the platelets are suddenly and rapidly removed from the 
circulation, probably bj^ the spleen, and then destroyed The destruc- 
tion of red cells after toluylendiamm poisoning is followed by the flood- 
ing of the body with the contents of the red cells, the blood pigments, 
with the resultant development of jaundice The destruction of the 
blood platelets is followed by a discharge into the blood of their contents, 
the thromboplastic substance cytozyme, with the resultant shortening 
of the coagulation time of the blood 

This gradual destruction of blood platelets after their removal from 
the blood will account for the fact that the amount of cytozyme m the 
blood (as indicated by the coagulability) is often still increasing long after 
the blood platelet count has returned to within normal limits 

Mobilization of Blood Platelets — ^The ease and rapioity with which 
the body can restore the total number of blood platelets after a large 
number have been remored from the circulation is, we believe, an 
important obserr^ation The body is apparently able to mobilize large 
numbers of fresh platelets within a few minutes In a few instances m 
humans and cats in u Inch we have seen only relatively slight changes m 
the platelet count, this mobilization of fresh platelets may have occurred 
simultaneously with the withdrawal of the damaged platelets from the 
circulation, and so have partly masked any reduction m the number 
Such a mobile mechanism is needed as one of our most important 
defensive measures, for the arresting of hemorrhage and the pnmary 
formation of thrombi in the luing body are produced by the agglutina- 

21 Enll, X E , and Rosenthal, X 4m J M Sc 166 503 (Oct ) 1923 

22 Joanno\ ics, G , and Pick, E P Ztschr f Exper Path u Therap 7 185 
1909 
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tion of blood platelets The better known coagulation phenomena 
usually play only a secondary idle, at least so long as the circulation is 
uninterrupted 

FURTHER TESTS OF THE THEORY 

The above described theory, although it accounts for all the phe- 
nomena observed after the intravenous injection of sodium citrate and 
satisfactorily explains the shortening in the coagulation time, was sub- 
jected to two other series of experiments If oui explanation was cor- 
rect, we felt that it would be important to study the effect of sodium 
citrate on animals that normally do not possess any blood platelets com- 
parable to the mammalian, and also on human beings in whom, because 
of disease, there existed a marked numerical deficiency or disease of the 
platelets 

Table 3 — Coagulation Tune of Blood Aftci Inti avenotts Injection of 

* Sodium Citiatc 



Duck 1 

Duck 2 

Before citrate adniinistrition 

5 min 

1 hour 

1 hour, 10 mm 

Amount injected 

0 5 gm 

0 25 gm 

5 minutes later 

25 min 

1 hour 

7% minutes later 

20 min 


20 minutes later 

24 mm 

1 hour, 20 min 

40 minutes later 

14 mill 

48 minutes later 

0 25 gm 

sod citrate intra\en 

54 minutes later 

11 min 


1 hour, 5 minutes later 

27 min 


1 hour, 20 minutes later 

10 min 



OhseivaUons on Ducks — Ducks aie known to have no blood plate- 
lets At least, the thrombocytes or homologues of the mammalian 
platelets are few in number 

Two ducks were used for the investigation The wing vessels served 
well for the removal of the blood and foi the injection of the citrate 
One duck was inj ected with 0 25 gm , the other with 0 5 gm 

As can be judged from Table 3, the mtia\enous injection of sodium 
citrate in ducks either exhibits no effect on the coagulating time, or else 
produces a distinct pi elongation No peiiod of shortening of coagula- 
tion time IS demonstrable — a distinct contrast to the effect observed in 
animals that possess well developed platelets (cat, dog and human 
being) 

Delete) tons E^ect of Sodium Gift ate inHemoiihagic Diseases — The 
various hemorrhagic diseases are for the most part characterized by 
either a marked numerical or a qualitative deficiency in the blood plate- 
lets It was therefore thought to be important to ascertain the effect of 
sodium citrate in these conditions It was admmisteied intravenously 
in two cases, each representing a separate clinical type of primary 
hemorrhagic blood disease, (1) essential thrombopenic purpura (the 
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so-called purpura hemorrhagica), ^^hlch is characterized b> a pro- 
nounced diminution m the number of blood platelets; ( 2 ) congenital 
hemophilia, in A\hich the number of blood platelets is normal but in 
^\hlch the coagulation time of the Wood is prolonged possibh because 
of some quahtatue deficienc} m the platelets 

REPORT OF CASES 

Case 1 — Essential Thrombopcnia (Purpura Hemorrhagica} This patient had 
a generalized purpuric skin eruption and v as bleeding from the gums and nose 
The blood examination repealed hemoglobin, 90 per cent, red cells, 4,864,000, 
v.hite cells, 8,200, blood platelets, 300 (counted in undiluted plasma) , differential 
count pohmorphonuclear neutrophils, 54 0 per cent , eosinophils, 3 0 per cent , 
basophils, 0 5 per cent , m\eloc}tes, neutrophilic, 0 5 per cent hmphocjtes, 31 5 
per cent , monocj'tes, 4 5 per cent The coagulation time was eight minutes, 
bleeding time (ear), twenty -fi\e minutes In the capillarj resistance test (Hess-“) 
numerous petechiae appeared within fi\e minutes There was no retraction of the 
blood clot for eight hours 

The remarkabh' low blood platelet count, the normal coagulation time con- 
trasted with the prolonged bleeding time, the positne capillarj resistance test 
and nonretraction of the blood clot showed that the case was a true purpura 
(essential thrombocjtopenia) 

T-^ele 4 — Findings in Case 2 



Coagulation Time 

Blood Platelets 

Before sodium citrate injcctiou 

i'i mm 

1&2CKX1 

]5 minutes after 

15 mm 

2SOOOO 

2 hours 20 minutes after 

40 mm 

170 000 

3 W hours after 

25 mm 

iso.eoo 

24 hours after 

1 hr , Z5 mm 

140 TOO 

4S hours after 

3 hrs (soft clot; 

110 OCO 

72 hours after 

25 mm 

200 oeo 


Six dajs after admission, the patient receued a slov intra\enous injection 
of 4 3 gm of sodium citrate The bleeding from the gums became w orse the 
next aaj The coagulation time of the blood increased gradually after the 
injection The clotting time of the blood immediate!} before the injection o' 
citrate was four minutes 

The atrate was mjected slow!} for twehe minutes when it v as stopped on 
account of the patient’s complaining Two minutes after sodium citrate injection 
the coagulation time was four minutes, eighteen minutes after, ten minutes 
one hour and thirU minutes after, sixteen minutes , eighteen hours after 
se\enteen minutes 

The prolongation of the clotting time is interesting m Mew of the similar 
effect described abo\e m animals v hich ha-ve fev or no blood platelets Blood 
platelet counts were also made at the same time that the tests for blooa coagula- 
tion were performed The platelets were counted in the undilated citratea 
plasma 

Before the citrate injection the platelets numbered 400 per cubic millimeter, 
tvo minutes after injection thej numbered 400, eighteen minutes after 300, one 
hour and thirt} minutes after 200, eighteen hours after 150 The reduction in 
the number of blood platelets following the injection of sodium citrate runs 
parallel w ith the increased coagulation time 

Case 2 — Congenital Hemophilia One obser\ation on this aisease has alread} 
been published b} Ottenberg** In 1916, he mjected 06 gm of sodium citrate 

23 Hess A F Hemophilia, Arch Int ilea 17 203 (Feb ) 1916 

24 Ottenberg, R Proc Soc Exper Biol &. Med 13:1011, 1916 
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intraA enously in a patient suffering from congenital hemophilia and observed that 
the coagulation time of the blood was shortened from ninety-five to twenty-five 
minutes Forty-eight hours later, the coagulation tune was prolonged to two 
hours and twentj-five minutes 

Our own observations confirm this finding We injected 3 0 gm of sodium 
citrate in a hemophilic patient who has been repeatedly admitted to the hospital 
for bleeding from the gums or hemarthroses The result is summarized in 
Table 4 

Sodium citrate produces in hemophiliacs early shoitenmg in coagula- 
tion time exactly as it does in normal individuals, but this shortening is 
purely transitory and is followed twenty-four and forty-eight hours 
later by a pronounced pi elongation in coagulation time and by an 
increase m the bleeding tendency The explanation for this deviation 
from the normal result is not obvious It is possibly dependent on an 
accentuation of the qualitative deficiency m the blood platelets In 
addition, the piolongation of coagulation time twenty-foui and forty- 
eight hours aftei the injection was associated with a pronounced reduc- 
tion in the number of blood platelets 

Our experience with sodium citrate in the hemorrhagic diseases is 
sufficient to indicate that it is not only an ineftectn e remedy, but actually 
a dangeious one m these conditions Instead of producing a shortening 
of the coagulation time of the blood as in noimal individuals, it pro- 
duces a pronounced delay m coagulation In those conditions charac- 
teiized by a marked numerical deficiency in blood platelets (purpura 
hemonhagica), it may result in almost complete disappearance of plate- 
lets from the circulating blood and a definite increase in the bleeding 
tendency 


SUMMARY 

Sodium citrate, when administered intraA enously m large doses 
(0 5 gm for dog oi cat, from 3 0 to 8 0 gm foi man), produces a pio- 
nounced and progiessive shortening in coagulation time of the blood, 
uhich usually reaches it maximum within one hour and may persist for 
many hours As a rule, the coagulation time slowly returns to normal 
within twenty-four hours 

This action of sodium citrate on the coagulation of the blood in vivo 
IS exactly opposite to that occuiing in vitio AVe believe that it is 
dependent on some effect on the blood platelets, which are not directly 
destroyed by the citrate but are damaged by contact with it and are then 
removed from the circulation by the spleen or other organs, where they 
are destioyed and then thromboplastic contents gradually liberated 
into the circulating blood This theory is based on the following 
obsen ations 
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1 In the test tube, sodium citrate does not destioy the platelets, but 
It affects them so that they aie actual]) preset \ed and aie theiefoie 
more easily counted 

2 Within a few minutes after the intia\enous injection of sodium 
citrate, the blood platelets often begin to diminish in numbei, the 
maximum reduction being usually observed after fiom ten to fifteen 
minutes and the numbei as a lule letuining to noimal aftei from one 
half to one hour The gieatest reduction in blood platelets vas obseued 
111 cats, in two of which 85 and 90 per cent of the platelets disappeared 
fioni the circulating blood within ten and fifteen minutes, respective)}, 
and the count again reached noimal a half hour after the injection 

3 Increasing amounts of free thromboplastic substance (citoz)me 
probably derived from platelets, begin to appear m the blood stieam as 
the coagulation time is shortened 

4 No changes in the content of the blood as to the other factors con- 
cerned in coagulation, such as calcium, fibiinogen or antithiombin, aie 
demonstrable 

5 The increase in the thiomboplastic agent c^tozyme and the short- 
ening in coagulation time of the blood do not occui simultaneously with 
the numeiical change in the platelets, but follow it The maximum 
shortening in coagulation time occuis some time aftei the numbei s of 
platelets have again retuined to normal, and persists foi houis 

6 The characteristic shortening of coagulation time after intra- 
venous injection of sodium citrate does not occui m animals (ducks) 
in whose blood few or no platelets occur If sufficient citrate is admin- 
istered, the opposite effect is pioduced in such animals and the coagula- 
tion time may be markedly prolonged 

7 The shortening of coagulation time after mtiavenous injection of 
sodium citrate likewise fails to occui m human beings suffering from 
hemorrhagic blood diseases that are characteiized by a pronounced 
numerical deficiency in blood platelets In puipura hemorrhagic, m 
which such a reduction in the number of platelets is regularly piesent, 
the injection of sodium citrate ma) be followed by almost complete dis- 
appearance of platelets fiom the circulating blood and a prolongation 
of the clotting time 

In congenital hemophilia, in which there is presumed to he some 
deficiency in the quality of blood platelets, the injection of sodium citrate 
IS followed by a pi elongation in the coagulation time, a diminution of the 
blood platelets and a maiked increase in the bleeding tendency 

Sufficient evidence has been presented, therefore, to indicate that the 
shortening of coagulation time after injection of sodium citrate in nor- 
mal indn iduals or animals is due to some influence on the blood platelets 
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That this IS not a dnect destruction is pio\ed by the test tube experiment 
and by the fact that the maximum shortening of coagulation times does 
not occur simultaneously with the maximum i eduction in platelets, 
but follows from ten minutes to one hour later This sequence sug- 
gests that the platelets after contact with the citiate aie damaged and 
lemoved from the circulation by some organ, there destroyed, and their 
thromboplastic contents gradually liberated into the blood stream The 
removal or modification of damaged or alteied blood platelets is probably 
one of the functions of the spleen, especially m view of the role that it 
is presumed to play m chronic thrombocytopenia or purpura 
hemoi rhagica 

With these obseivations as a basis, the slow intiavenous injection of 
large doses of sodium citrate up to 5 gm has been successfully employed 
m arresting hemoi rhages due to gastric ulcer, typhoid fever, pulmonary 
tuberculosis and other bleeding conditions that aie not accompanied by 
diminution or disease of the blood platelets 

Although the coagulation time of the blood is often materially slioit- 
ened, no tendency to intravascular thrombosis has ever been obseived, 
and we believe that this possibility can be dismissed as an unlikely 
danger The real danger to be guarded against is a too hasty injection 
The Citrate should be well diluted and the procedure should take at least 
fifteen minutes continuously, not intermittently, duimg that period, to 
avoid too great a concentration in the heart’s blood at any one time Foi 
the sake of absolute safety, and because of other manifest advantages, 
we would advise its admmisti ation m from 200 to 500 c c of blood in 
the form of the citrate transfusion of Lewisohn 

In hemoi ihagic blood diseases, for reasons detailed above, its use is 
strictly contraindicated 



NARCOTIC DRUG ADDICTION 

II THE PRESENCE OF TONIC SUIiST\NCES IN THE BLOOD SERUM 

IN MORPHIN HABITUATION 

EMIL J FELLINI MD 

AND 

ARTHUR D GREENFIELD, AB 

NEW \ORK 

In our first paper in this series on narcotic drug addiction ^ e dealt 
•with the question A^hetller the continuous taking of morphin causes the 
presence in the blood serum of any substance which has a protective 
effect against morphin, and armed at negative conclusions 

Another question is v hether any specific toxic substance is produced 
b_\ morphin habituation This question, ^^hlch is closely related to the 
first, has a more direct practical bearing on the current theories of the 
nature of morphin addiction and the causation of withdrawal s}mptoms 
and also on treatment There has been considerable contro\ersy on 
this subject and a more or less widespread belief that there is such a 
substance and that it is the cause of tlie well known S}mptonis of mor- 
phin withdrawal when no longer neutralized b} the continued admin- 
istration of morphin and some methods of treatment of drug addiction 
ha^e been founded upon this belief 

The scientific basis for this conception originally rested upon the 
w ork of ^larme - who reported the finding of ox} dimorphin in the 
feces, lungs and Iner of dogs habituated to morphin He further stated 
that OX} dimorphin produced symptoms similar to those of morphin 
withdrawal when injected into nontolerant dogs Marme’s results ha've 
been dispro'^ ed by numerous subsequent im estigators ^ 

The belief is at present based solely upon the w ork of Valenti ’ w ho, 

III 1914 reported a series of experiments in which he investigated the 
effects produced on tlie circulation of normal dogs by the intra\enous 
injection of serum of the blood of dogs accustomed to increasing doses 
of morphin and which were in withdrawal when the blood was 

*From the Department of Pharmacology, Unnersitj and Belle\ue Hospital 
Medical College 

1 Pellini, E J and Greenfield, A D Arch Int !Med 23 279 (Sept ) 1920 

2 I\Iarme Deutsch med Wchnschr 14 197, 1883 

3 A reMew of this -work is contained in an article by Du Mez, A G 
Increased Tolerance and Withdrawal Phenomena in Chronic l\Iorphinism J A 
M A 72 1069 (April 12) 1919 

4 Valenti Arch f exper Path u Pharmakol 75 437, 1914 
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obtained Since Ins results have never been tested by other investi- 
gators, -we have made the study of this question the subject of the 
present paper 

446 XXII Adiu.‘j,o 


Veranch 6 

Hnnd von 9 kg, Tracheotomie, Iinke Carotis, rechte Jngnlaria externa 
Das diesem Tier injizierte Serum atammte von emem Unnd von 11 kg, 
dieaer wiip 55 Tage lang mit Morphium behandelt worden, beginnend mit 
0,1 g und langsam ansteigend bia zu einer Tagesmenge von 3,15 g 
Morphium hydrochloricnm anbkntan, wobei ea im ganzen 69,95 g erhielt 
Der Aderlafi an der Vena femoralia wnrde am dntten Tage der Abatinenz 
ansgefUhrt, und 190 com Bint anfgefangen, daa zentrifngiert 80 ccm 
zitronengelbea Serum ergibt 


Zeit 

Uhr 

Hdchste und 
niedrigata Pula- 
frequenz m emer 
balben Minute 

HOchater und 
niedrigater Blnt- 
druck in Millimeter 
Qneckailber 

Bemerkungen 

9,34 

66 

160-164 

Normal 

9,44 

60 

168—162 

» 

9,61 

60 

164—162 

> 

9,68 


— 

Eb nird mit der Semminjektion 
begonnen 

10,3 

64-60 

lTO-178 

Nach 6 ccm 

10,6 

66—72 

164-162 

> 8 > 

10,9 

72-78 

163—162 

. 11 . 

10,16 

72-108 

160-164 

» 17 . 

10,18 

72—108 

140-164 

. 20 . 

10,20 

66—90 

160—164 

. 22 

10,24 

72-108 

140-160 

> 26 > 

10,26 

66-68 

164—174 

. 27 . 

10,26 

— 

— 

Die InjektioD wird uuterbroclien 

10,30 

78—73 

164—162 


10,33 

72-90 

144-162 


10,34 

— 

— 

Die Injektion wird fortgesetzt 

10,40 

72—78 

160—162 

Nach 33 ccm 

10,43 

72-84 

142-160 

> 36 » 

10,48 

66—96 

132-164 

> 40 > 

10,61 

60-72 

140-164 

Die Injektion wird aiatiert 

10,65 

78-90 

140-162 


10,69 

66—72 

140—162 


11,10 

74 

162—166 



Fig 1 — Reproduction of a page of Valenti’s article containing a protocol of 
an experiment giving figures of normal pulse rate and blood pressure and varia- 
tions following the injection of serum from a dog in the withdrawal stage 

Valenti’s first work consisted in injecting into normal dogs the blood 
serum from dogs which he had addicted to morphin, and from which 
the morphin had been withdrawn for a period of three days at the time 
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of obtaining the blood A typical experiment is most easily sho^^n b} 
repioducing one of his protocols (Figs 1 and 2) He found certain 
ciiculator} distuibances, namel} anhjthmia and maiked mciease in 

Eipcnmentello Unteranchnngen Ub d chronischen Morphiniemus 447 


Tabelle 6 

Vor Kach 

der Injcktion 

Blutdrnck in Millimeter j hOcheter 164 178 

Qaeckfiilber ( niedngsler 1S4 162 

10 mm 26 mm 

Pulefrequenz in oiner j hbchste 66 108 

balhen Minute I niedngete 60 60 

No 6 No 48 


Es zeigt sich also sehr 
dentlich, daB, obgleich genngere 
Sernmmengen als bei den an- 
deren Tieren injiziert wmden, 
diese imstande smd, groBere 
Schwankungen des Blntdrnckes 
und des Pulses hervorzurufen , 
vor allem aber erschemt bei 
diesem Verauch das Phanomen 
der Schwankungen im Herzrhyth- 
mns im gleichen Zeitabschnitt 
sehr auffallig In dei zweiten 
hier angeschlossenen Kurve smd 
wenigstens drei verschiedene 
Pulsrbythmen zu bemerken, und 
diese Arbythmien hielten den 
ganzen Versuch hindurcb an, 
was aus den kuizen bier ange- 
fubrten Kurven besser als aus den 
Zablen zu eiseben ist 


Veisuch 7 

HUndin von 6,4 kg, Tiacheo- 
tomie, linke Carotis, rechte Jugu- 
laris externa Das diesem Tier 
injizierte Serum stammt aus dem 
Bint ernes Hundes von 9,6 kg, 
der in 48 Tagen bei emer An- 
fangstagesdosis von 0,02 bis zu 



Fig 2 — Continuation of Figure 1 giving a table shoving maximum varia- 
tions in pulse rate and blood pressure before and after serum injection and a 
tracing of carotid blood pressure from which these figures are obtained 


variabilit} of the heart rate and blood pressure Control experiments, 
using serum from the blood of normal dogs, shoved but slight 
deviations 
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He next undertook to determine whether there is any relation 
between the total amount of morphin administered to the addicted dogs 
and the degree of circulatory disturbances produced by their serum 
He concludes that moie pronounced effects are produced by the serum 
of the dogs receiving the largest total amount of morphin during the 
period of addiction 

He then investigated the question whether the intensity of the effects 
produced by the serum was in diiect relation to the length of the 
period of withdrawal He injected serum of blood drawn from dogs 
from which the morphin had been withdrawn for peiiods of thirty-six 
hours, ten da) s and twenty days, respectively Under similar conditions 
as to total amount of morphin administered, the period of withdrawal 
appeared to have no relation to the intensity of the circulatory effects 
produced by tbe serum 

His concluding experiments were to determine whether circulatory 
disturbances similar to those produced by injecting the serum of 
addicted dogs into normal dogs could be found in the addicted dogs 
themselves during the period of withdrawal He took the blood pres- 
sure and heart rate of dogs before addiction and at thirty-six hours, 
three days and tw’^enty-one days, respectively, after wuthdrawal He 
reports the same type of circulatory disturbances in these animals as in 
the normal dogs injected with serum of addicted dogs During observa- 
tion of the blood pressure and heart rate, he administered by subcu- 
taneous injection increasing doses of morphin solution until the dose 
wduch the animals had leceived on the last day of their morphmization 
period had been passed The disturbances became gradually weaker, 
and final!) disappeared as soon as the previously accustomed dose was 
reached A dose slightly over this produced the definite “morphin 
pulse,” as in a dog not accustomed to morphin 

EXPERIMENTAL W’^ORK 

Our wmrk consisted of duplication of the most significant feature of 
Valenti’s w^ork and of additional tests of our owm The latter com- 
prised electrocardiographic studies, injection of serum into cats with a 
view to observing any effects on behavior or general symptoms, and 
studies of the chemistry of the blood of habituated dogs 

In duplicating Valenti’s w'^ork, the first question that suggested itself 
w^as the form of anesthesia to be used Valenti fails to state what 
anesthetic he used, in fact, he does not specifically state that he used 
any As he subjected the normal dogs into which the serum was 
injected to tracheotomy, and specifies only in the cases of the mor- 
phinized dogs, on wduch he made direct observations, that the experi- 
ments w’’ere performed w^ithout tracheotomy and without narcosis, it 
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IS fair to assume that in all the seium injection experiments he used 
ether by inhalation We therefoie made prelimmar) tests with ethei 
administered in the customaiy way With this method, we ueie unable 
to maintain a sufficiently unifoim light anesthesia even when the ether 
was given through a cannula in the trachea, to pi event the occuirence 
of circulatoiy vaiiations due to \ariabihty m the degree of anesthesia 
We then attempted to use fixed anesthetics such as chloretone, but 
found that the dose lequiied to maintain continued, uniform anesthesia 
pioduced too gieat circulator}'^ depiession, making the circulation not 
sufficiently sensitive to possible slight effects of the fluid injected We 
were thus brought to the necessity of adopting some method by which 
anesthesia could be maintained indefinite!} at a unifoim degiee while 
the ciiculation was allowed to retain its normal lability 

At this stage of our woik we came in contact with Dr Ben Morgan, 
who had lecentl} peifected a new apparatus for the uniform admin- 
istration of ether, embodying the piinciples of lebieathing and positive 
pressure, apd peimitting exact contiol of the amount of ethei adminis- 
tered We were fortunate in obtaining the personal assistance of Dr 
Moigan m administeiuig ethei foi us by his method 

Our method of obtaining the serum foi injection was as follows 
A male dog of 17 5 kg was habituated to moiphin throughout a period 
of ten months At the start, 10 mg of morphin hydrochlorid per day 
was administered subcutaneously, and the dose was gradually increased 
to 2 75 gm a day, which was given daily during the last month of the 
period Dui mg the ten months, the animal lost 3 kg , but showed no 
other evidences of malnutrition The total amount of morphin hydro- 
chloiid administered throughout the peiiod was 168 62 gm 

The question had aiisen in our minds as to the point of time, after 
stoppage of moiphin administration, at which the blood should be 
withdrawn to obtain the serum for injection We noted that Valenti 
experimented with seium of blood obtained at vaiious stages of with- 
diawal, and repoits that no difference in effects is obseived when the 
blood IS drawn at any time from thirty-six houis to twenty days It 
occurred to us that if there is any toxic substance in the blood of a 
moiphin habituated dog, such substance should be piesent m maximum 
amount oi stiength at the time of greatest intensity of the withdrawal 
s}mptoms It therefore seemed advisable to ascertain this time before 
proceeding f ui thei As w e had been unable to observe an} gross symp- 
toms at ail} time after the ivithdrawal of the morphin ivliich ivould 
indicate a stage of maximum intensity, and since our work ivas directed 
especially toivard circulator} changes, ive made electrocardiographic 

5 Morgan, Ben Modern Hosp 5 215, 1915 
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studies of the heart rate of habituated dogs at various stages of with- 
drawal This woik was done on other dogs which we had habituated 
to morphin and showed that the heart rate rises after withdrawal to a 
maximum point, which is i cached in about forty hours, and followed 
by a gradual decline, reaching normal during a period of fiom two to 
three weeks 

We drew the blood foi this experiment forty-one and one-half hours 
after the dog had received the last dose of morphin Electrocai dio- 
graphic observations wei e made on this dog, the second one being made 
just before obtaining the blood Table 1 shows the results 

Our technic was as follows The blood was collected by means of 
a large gage hypodermic needle thrust thiough the skin and into the 
external jugulai vein It was allowed to flow into 50 c c centrifuge 
tubes and was immediately centrifuged and decanted By this pro- 
cedure, any possible effect of a local anesthetic was obviated In order 
to avoid possible deterioration of the seium, it was used the same day 

Table 1 — Effect of Motphm Withdrawal on Heart Rate 


Time After Withdra-nal 
18 liour« 

41 hours 
70% hours 
94 hours 
115 hours 

2 veeks 

3 Alecks 


Heart Rate per Mm 
131 
140 
119 
119 
124 
99 
108 


The normal dog used for the purpose of testing the effects of the 
above mentioned serum was a male dog weighing 10 kg The ether 
was administered fiist through a mask, and when surgical anesthesia 
was obtained the left carotid artery, the left external jugular vein and 
the trachea weie exposed, and a cannula inserted in each The animal 
was then placed on its side, the tracheal cannula was connected to the 
ether apparatus, the artery to a mercury manometer and the vein to 
the buret containing the serum The dog was kept warm by coverings 
and by an electiic hot plate placed under the dog boaid The buret 
containing the seium was water-jacketed and the serum maintained 
uniformly at body tempeiature 

On completion of the operatue procedures, the administration of 
ether was regulated until the optimum depth of anesthesia was leached, 
as ascertained by the corneal reflex This occurred about five minutes 
before the first normal record was taken, and the rate of ethei admin- 
istration remained constant from that time until the close of the experi- 
ment Observations of the corneal reflex at frequent intervals during 
the progress of the expeiiment showed that the optimum depth of 
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anesthesia was preserved by this rate of administration Table 2 shows 
the results obtained 

In some of his protocols, Valenti gi\es two readings, both of heart 
rate and blood pressure, for each point of time Our o\\ n records were 
so lacking m sudden variations that there was no occasion for us to 
follow his method in this particular 


Table 2 — Effect of Senim of Moi phmizcd Dog tn Withdrawal 



Heart Hate 

Blood Pressure 



Tune 

per Min 

in Mm Hg 

Remarks 


(a) 2 05 

180 

170 

Before injection 


2 10 

195 

171 

Before injection 


2 15 

192 

168 

Before injection 


(b) 2 20 

195 

166 

Before injection 





Injection of serum started (rate 1 c c per 




mm ) 


2 25 

ISC 

163 

After 5 e e of serum 


(c) 2 29 

166 

158 

After 9 c c of serum 


2 32 

187 

164 

After 12 c c of serum 


2 35 

187 

168 

After 15 c e of serum 


2 38 

192 

166 

4fter 18 e c of serum 


2 41 

192 

164 

After 21 c c of serum 


2 44 

195 

162 

After 24 e c of serum 


(d) 2 47 

198 

158 

After 27 c c of serum 


2 50 

195 

158 

After 30 c c of serum 


2 53 

195 

166 

After 33 c c of serum 


2 56 

190 

164 

After 36 c c of serum 


2 59 

190 

164 

After 39 c c of serum 


3 02 

190 

168 

After 42 e c of serum 


3 05 

ISO 

164 

After 45 c e of serum 


(e) 3 08 

192 

172 

After 48 c e of serum 


3 11 

195 

170 

After 51 c c of serum 


3 14 

195 

162 

After 54 c c of serum 


3 17 

195 

164 

After 57 c c of serum 


3 20 

195 

166 

4fter 60 c c of serum 


3 23 

193 

164 

After 63 c e of serum 


(f) 3 26 

187 

162 

After 66 c c of serum 





Injection stopped 


3 29 

195 

162 



3 32 

195 

158 



(e) 3 35 

195 

159 



38 

195 

160 



3 42 

195 

162 



(h) 3 45 

195 

162 



Blood Pressure in llm Hg 


Before Injection 

After Injection 

Highest 



171 

172 

Lowest 



166 

158 




5 

14 

Heart Bate per Min 




Highest 



195 

193 

Lowest 



ISO 

186 




15 

12 


We next took, for purposes of comparison, a similar record of a 
dog injected with normal dog serum, all other conditions being identical 
The weight of the dog was 9 kg Table 3 gives the results obtained 
Figure 4 consists of sections of the record chosen at points corre- 
sponding as nearly as possible to those given from the record of the 
preceding experiment 

Comparison of the records obtained with normal serum and serum 
of the morphmized dog in withdrawal shous no such effects of the 
latter as were described b} Valenti, but m view of the disparity between 
our results and his, we felt that additional vork along somewhat dif- 




Fig 3 — Sections of blood pressure records from the carotid arter 3 ^ taken at 
points marked uith marginal letters in Table 2 The serum injected was from 
a dog in the stage of morphin withdrawal A-B represent normal records 
C-H represent the records after the injection The record of the time marker 
indicates fifths of seconds and also serves as the zero base line for the blood 
pressure record 
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ferent lines would be desirable, and next pioceeded to electrocardio- 
giaphic studies By this piocedure, we were enabled to dispense 
entirely with anesthesia and thus avoid any possible disturbing factor 
that might be due to the anesthetic Moreover, it afforded a more sen- 
sitive means of testing the heart rate and rhythm 

In these studies, we exercised the gieatest caie Oui first step was 
a piehmmary period of tiainmg of the dog, winch was a female weigh- 


Table 3 — Effect of Noimal Dog Semin 



Heart Rate 

Blood Pressure 



Time 

per Min 

in Mm Hg 

Remarks 


(a) 4 Oo 

ICO 

118 

Before injeetion 


4 10 

108 

120 

Before injeetion 


4 15 

102 

117 

Before injection 


(b) 4 20 

100 

116 

Before injection 





Injection of scrum started 

4 23 

150 

116 

After 3 c c of serum 


4 20 * 

162 

118 

After 6 c c of scrum 


(c) 4 20 

163 

122 

After 9 t c of serum 


4 31 

108 

124 

After 12 c c of scrum 


4 34 

108 

122 

After 15 c c of scrum 


4 37 

168 

123 

After 18 c c of serum 


4 40 

171 

123 

After 21 c c of serum 


4 43 

171 

121 

After 24 e c of serum 


(d) 4 46 

174 

119 

After 27 c c of serum 


4 49 

l7l 

120 

After 30 c c of scrum 


4 51 

174 

122 

After 33 c e of serum 


4 54 

174 

122 

After 30 c c of serum 


4 57 

174 

lis 

After 39 c e of scrum 


6 00 

174 

122 

After 42 c 0 of scrum 


5 03 

174 

120 

After 45 c c of serum 


(e) 5 00 

177 

122 

After 48 c c of serum 


5 09 

177 

124 

After 51 c c of serum 


5 12 

177 

124 

After 54 c c of serum 


5 15 

180 

124 

After 57 c c of serum 


(f) 6 18 

183 

122 

After 60 c c of serum 





Injection stopped 


5 23 

183 

119 



(g) 6 28 

183 

120 



5 33 

180 

120 



(h) 5 38 

177 

126 



Blood Pressure in Mm Hg 


Before Injection 

After Injection 

Highest 



120 

126 

Lowest 



no 

116 




4 

10 

Heart Bate nor Min 




Highest 



168 

183 

Lowest 



100 





8 

27 


mg 9 kg This peiiod covered three weeks The training consisted m 
accustoming the dog to he quietly on its side in a comfortable position 
in a room which was kept absolutely quiet, until it was able to maintain 
this position 111 perfect relaxation foi about two hours at a time The 
dog was kept waim by covering After this stage of training had been 
reached, the electrodes and a respiration tambour weie attached, and the 
dog was accustomed for a further peiiod to these additional conditions 
For several days before the actual experiments were started, slight skin 
incisions were made in the neck, simulating the exposing of the external 
jugular vein 







E F 


> H 

Fig 4 — Sections of blood pressure records from the carotid artery taken at 
points marked with marginal letters in Table 3 The serum injected was nor- 
mal dog serum A-B records before injection C-H records after injection 
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In stud}ing this dog, \\e took not only the electrocardiograms but 
also the respiiatory tracings on the same film, synchronized as nearly 
as possible with the heart record This was accomplished by attaching 
to the dog’s chest a respiration tambour, connected b} a rubber tubing 
to a recording tambour so placed that the lever moved across the apei- 
tuie of the camera of the electrocardiographic apparatus The latter 
was in a different room, some distance from that in which the dog was 
placed, to avoid disturbance by noise In taking the electrocardiograms, 
we confined ourselves to the second lead throughout 



Fig 5 — Sections of electrocardiograms (second lead) of a normal dog from 
which Table 4 was compiled The upper tracing in each record represents the 
respiratory cycle 


Our first experiment with this dog consisted in taking electrocardio- 
grams under the above described conditions, without injection, to 
obtain a normal record Table 4 shows the results of three electro- 
cardiograms taken at five-minute intervals 


Table 4 — Electi ocai dzogjapJuc Studies of Normal Dog 


No of Film 

Heart Bate per 3Iin 

31 

102 5 

32 

977 

33 

903 


In the accompanying electrocardiograms, it will be noted that the 
length of the individual complexes varies On analysis, it appears that 
these variations occur regularly at definite intervals, and when com- 
pared with the tracing of the respiration it will be seen that there is a 
definite relationship between the rhjThms of the respiration and the 
heart It is clearly evident that the variation in heart rhythm is of 
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respiratory origin and must be discounted in estimating the effects of 
any injection Fiom our experience m electrocardiographic studies of 
other dogs, we have found that respiratory sinus airhythmia is always 
present in the unanesthetized animal 

The next experiment on this dog, after an interval of five days, 
consisted m taking electrocardiogiams with the injection of normal dog 
seium The serum was kept uarm during the injection, which was 
made into the external jugular vein, into which a cannula had been 
placed, without any evidence of pain or struggling on the part of the 
animal Table 5 gnes the lesults of this experiment 


Table 5 — ElecU ocai dtogt apluc Study of Effect of NodiwI Dog Seium 


No ol Film 

Time 

Heart Bate per Mm 

RcmarlvS 

41 

2 55 

122 4 

Before injection 

42 

3 00 

117 0 

Before injection 

43 

3 05 

127 2 

Before injection 

Injection started 

44 

3 09 

120 8 

After 10 c c serum 

45 

3 13 

123 9 

After 20 c c serum 

46 

3 17 

115 2 

After 30 c c serum 

47 

3 21 

127 8 

After 40 c c serum 

48 

3 25 

110 2 

After 50 c c serum 

Injection stopped 

49 

3 30 

139 0 


410 

3 35 

134 8 


411 

3 45 

138 3 


Heart Bate per Min 


Before Injection After Injection 

Highest 


127 2 

139 6 

Lowest 


117 0 

110 2 



10 2 

29 4 


Our final experiment uith this dog, performed four days later, con- 
sisted in injecting, in place of normal serum, serum obtained from the 
blood drawn from the morphiiiized dog m withdiawal cited above, othei 
conditions being identical with those of the pieceding experiment 
Table 6 shows the results of this experiment 


Table 6 — Electi ocardiogiaphtc Study of Effect of Seium of 
Moi phimzed Dog m Withdiazml 


No of Film 

'1 ime 

Heart Bate per Mm 

Bemarks 

51 

4 40 

102 3 

Before injection 

52 

4 45 

105 4 

Before injection 

53 

4 50 

80 0 

Before injection 

Started injection 

54 

4 54 

90 0 

After 10 c c serum 

55 

4 58 

87 4 

After 20 c c serum 

56 

5 02 

810 

After 30 c c serum 

57 

5 06 

83 8 

After 40 c c serum 

58 

5 10 

85 8 

After 50 c c serum 
Injection stopped 

59 

5 15 

72 8 

510 

5 20 

75 G 


511 

5 30 

866 


Heart Bate per Min 


Before Injection After Injection 

Highest 


105 4 

960 

Louest 


80 0 

72 8 



Fig 6— Sections of electrocardiograms (second lead), showing the effect 
of normal dog serum, from which Table 5 was made 
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Comparison of these results with those of the pieceding experiment 
shows no effects from the seium of the morphimzed dog m withdrawal 
comparable to those shown by Valenti, thus confirming the results 
shown m Tables 2 and 3 

Besides studying changes m heart late, the electi ocardiograms were 
analyzed also for the maximum variations m the auricular complex, 
the ventricular complex, the complete cardiac diastole, the sequence and 
the rhythm of the heait The results of the analysis did not show any 
effect that could be attiibuted to the serum of the morphimzed dog in 
withdrawal and such variations as occurred were fully explained by 
respiratory sinus arrhythmia 

Since the foiegoing experiments were confined to a study of pos- 
sible effects on the circulation, we thought it desirable to extend the 
scope of our investigation to include other studies which might throw 
light on the effect of the serum, such as possible effects on the central 


Table 7 — Data Rcgaidmg Sciums Used foi Cat Evperiments 




Dnilj Dose of Morphin 

Time of Draii ing Blood 



It Close of 

After Withdnwal of 

F\periment 

Period of Addiction 

Period 

' Worphm 

1 

3 months 

0 4 gm 

2 dajs 

2 

6 months 

0 0 gm 

3 dajs 

S 

3 months 

0 5 gm 

2 days 

4 

10 months 

2 75 gm 

41% hours 


1 jear 

1 0 gm 

3 days 

0 

1 jeni 

1 0 gm 

18 hours 


nervous system or on the chemical composition of the blood We 
therefore conducted, concurrently with our experiments on the circula- 
tion, two other senes, in one of which we endeavored to asceitain by 
observation of the behavior and general symptoms of cats injected 
with such serum, whether any effects weie produced, especially any 
referable to the central nervous system Our technic m this series was 
as follows The cats, which were not anesthetized, were placed in a 
box from which the head and neck alone projected, the external jugular 
vein was exposed just sufficiently to permit the insertion of a hypo- 
dermic needle, and 10 c c of serum was quickly injected by means of 
a syringe The cat was then immediately released, the whole procedure 
described taking not more than three or four minutes The animal 
was then kept under close observation for an hour or more, being 
allowed to roam at will m the laboratory Six cats were injected with 
serum, and Table 7 gives data regarding the dog serum used in each 
case 

In all cases, the behavior of the cats was entirely normal, and they 
showed no effects from the injection of the serum 

Our final series consisted in analysis of the blood of morphimzed 
dogs m withdrawal The analysis of the blood was performed accord- 



J 
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mg to the methods of Fohn and Wu” and of Van Slyke ' The blood 
used was obtained from the dogs and at the times described m Experi- 
ments, 2, 4, 5 and 6 of Table 7 Table 8 gn^es the results 


T^ble 8 — Chemical Analysis of the Blood of Moi fliimced Dogs m Wifhdiawal 



Dog 2, 

Dog 4, 

Dog 5, 

Dog 6, 


Mg 

Mg 

Mg 

Mg 

Xonprotein nitrogen 

30 0 

310 

29 0 

288 

Urea 

]< 2 

15 0 

15 4 

13 4 

Creatmin 

1 2 

15 

1 2 

12 

Uric Acid 

10 

10 

23 

20 

Sugar 

110 0 

104 0 

75 0 

76 9 

Whole blood chlorids 

450 0 

544 5 

475 0 

585 0 

Carbon dioxid 

52 2% 

50 0% 

52 0% 

56 6% 

The foregoing 

lesnlts are well 

Within the 

range of 

normal dogs’ 


blood 

COMMENT 

Before comparing oui lesults Avith those of Valenti, it may be 
desirable to make a feiv comments on bis report One of the features 
of his results to which he attaches great significance is the marked 
increase m range of variations m blood pressure and heart late, after 
injection of the seium of a morphmized dog in withdrawal, as compaied 
with the range in the noimal period before injection His method of 
obtaining this lesult from his records is to select the highest and lowest 
points, wheiever the> ma}- occur m the normal period and m the period 
after starting the injection, respectively, and compare the differences 
find a few instances of eriors made by him m the selection of these 
figures from his recoids (see Figures 1 and 2), but this does not affect 
the general nature of his results In reporting that phase of our woik, 
which was an attempt to duplicate his, we adopted the same method m 
order to permit of exact comparison, but we are unable to appieciate 
the significance of this particular feature of the results 

Examination of his tables shows that, m the majority of instances, 
the extreme high and low points of both the heart rate and blood 
pressure occur at vaiious points in the progress of the experiment, and 
that both the heart rate and the blood pressure range up and down 
throughout the experiment, rather than following a definite and con- 
sistent course It is hard to concen^e of any substance which, when 
injected at a uniform rate into the veins of an animal, would be capable 
of producing such an irregular effect Similai effects can be produced 
by substances which are rapidly absorbed and excreted, when not 
administered uniformly It is well known that ether administration, 
when not under exact control, will produce these effects It will be 

6 Fohn, O , and Wu, H J Biol Chem 38 81 (May) 1919 

7 Van Sb'ke, D D J Biol Chew 30 347 (June) 1917 
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noted that, as already stated, Valenti does not specify the form of 
anesthetic used in his experiments It appeals, ho^^ever, that in his 
control experiments, using normal dog serum, he reports much smaller 
^arlatlons, and we are unable to offer am explanation of these obser^a- 
tions In our ^^ork, as •will be seen from our tables, \\& obtained no 
results sho\\ mg an}’- substantial difference, as regards variability in heart 
rate or blood pressure, between the effects of the serum of a mor- 
phinized dog m withdrawal and those of normal dog serum The 
slight differences occurring were more marked following the injection 
of normal serum 

Another feature of Valenti’s reported results on w'hich he la}s much 
stress IS the arrhjthmia which he states is produced by the injection 
of the serum of a morphinized dog in withdrawal We have given 
sections of his tracing which he selected as showing three different 
t}pes of arrh}i:hmia V’e ha\e also given sections of our tracings for 
comparison Our results do not correspond wuth his, as the tracing 
of our expenment with such serum show’s no arrhA-thmia The varia- 
tions of rh}thm shown in our tracing of the dog injected with normal 
dog serum are of the t}pe obviously associated with respiratory changes 

The electrocardiographic method is, of course, much better adapted 
to show these features of the heart action than the mercur} manometer, 
and it IS naturally to be expected tliat if arrhythmia were produced it 
would be plainly apparent in the electrocardiograms Our electro- 
cardiographic studies show’ no abnormal arrhythmia Such changes m 
rhjthra as appear are in the first place, uniform m all our electro- 
cardiographic experiments, and, m the second place, clearly respiratory, 
as may be seen by comparison w ith the respiration cur\ e It is w’orthy 
of note that m the electrocardiographic experiments no anesthetic w’as 
used 

Valenti finds that the degree of circulatory disturbance produced 
by the injection of the serum of the morphinized dog m withdrawal is 
direct!} dependent on the total amount of morphin consumed during 
the addiction period The largest total amount consumed by any of 
the dogs from which he obtained serum for injection was 6995 gm 
The serum m the expenments on tlie circulation presented by us w’as 
obtained from a dog that had received a total of 168 62 gm If his 
conception is correct, our results should ha-^e been much more pro- 
nounced than his The same reasoning applies m a measure to the 
question of the length of time of withdrawal of the morphin While 
\*alenti claims tliat the serum is equally effectne when the blood is 
draw n at an} time from thirty-six hours to tw ent}' days after stoppage 
of morphin administration, w'e ascertained by electrocardiographic 
studies that there was a definite time at which the circulator}- distur- 
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bailees in the morphinized dog were at their maximum, and the serum 
used by us was obtained from blood drawn at that time ® 

We feel that our woik on cats and blood analysis is corroboiative 
of our negative findings We also feel that the conclusions reported 
in our first paper of this senes have a definite bearing on the question 
now under discussion We there leported that the serum of mor- 
phin addicted dogs and humans had no protective effect against a 
minimal fatal dose of morphin If there was any toxic substance in the 
blood causing circulatory changes, which, as Valenti claims, could be 
neutralized in its physiologic effects by the administration of morphin, 
it is difficult to conceive the nature of such substance unless it is either 
chemically or physiologically an antidote to morphin Our previous 
work shows conclusnely that no such substance is present 

A notable point in Valenti’s repoit is the statement that the circula- 
tory disturbances in morphinized dogs can be suppressed, and the normal 
circulatory condition restored, at any time from thirty-six hours to 
twenty-one days aftei withdrawal, by administration of the previously 
accustomed daily dose of morphin He emphasizes the fact that this 
effect cannot be produced by any amount less than the previous daily 
dose, and that it is only when this amount is exceeded that the typical 
“morphin pulse” becomes evident Such peisistence of tolerance as he 
reports is directly contrary not only to the generally known facts in the 
case of human beings, but also to the results of careful experiments 
on animals by competent investigators Cloetta,® experimenting on rats 
and pigeons, found that these animals lost their toleiance as early as 
two days after the withdrawal and that the previous dail)- dose, if of 
a size fatal to a normal animal, proved fatal to these previously tolerant 
animals after this lapse of time Van Egmond showed that in dogs 
accustomed to tolerate 1 gm of morphin daily the vagus center still 
responds to the injection of minute doses He found it possible to 
change the heart rate fiom 120 to 80 per minute by a dose of 0 04 gm , 
while doses as small as 0 00008 gm per kilogram in these same animals 
showed an appreciable effect Van Dongen and Tamura also found 
that the vagus center does not become tolerant to morphin Iii the 
course of our work, we found that profound general effects weie pro- 

8 We expect to discuss this question of changes m heart rate of the 
morphinized dog in ivithdrawal in a subsequent article We are prepared 
to say at this time that we are satisfied that these changes are not due to any 
toxic substance in the blood 

9 Cloetta Arch f exper Path u Pharmakol 50 453, 1903 

10 Van Egmond Arch f exper Path u Pharmakol 65 197, 1911 

11 Van Dongen Arch f d ges Physiol 162 54, 1915 

12 Tamura, O Phjsiol Abstracts 6 525, 1921 
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duced by the injection, thiee days after the withdrawal, of a previous 
daily dose of 1 gm , and that these effects were noted very promptly, 
being quite pronounced within twenty minutes or less time 

We feel that Valenti’s failuie to give important details of his technic 
(e g , the anesthetic used), the peculiar way m which he ai lives at his 
conclusions by selection of figures from his records, and the impossi- 
bility of lationally reconciling his results with those of other woi leers 
who have investigated diffeient aspects of the effects of morphin toler- 
ance, and whose conclusions have met with general acceptance, lend 
weight to the conclusion to be drawn from the consistently negative 
results of oui own woik We feel that our technic was such as to 
eliminate possible extraneous factors that may have influenced Valenti’s 
results, and that the conditions under which oui work was performed 
were even better calculated to obtain clear positive results from any 
toxic substance that might be present in the blood 

CONCLUSIONS 

1 No toxic substance is formed in the blood of dogs habituated to 
morphin which is capable of pioducmg ciiculatory disturbances in 
normal animals into which the serum is injected 

2 We find no evidence that any toxic substance is present in the 
blood as a result of morphin habituation 



CONGENITAL PERIPHERAL RESISTANCE, ITS CAUSA- 
TIVE RELATION TO THE PRECOCIOUS 
HYPERTENSIVE STATES 

ELI MOSCHCOWITZ, MD 

NEW VORK 

Until recently, hypertension was considered entirely the result of 
aitenal and renal disease Although the mechanism whereby such 
disease caused hypertension was unknown, the almost constant associa- 
tion of the symptom and such lesions seemed to justify such a con- 
clusion This was in accord with the still dominant tiadition of the 
continental school, namely, that an abnoimal function must necessarily 
be the result of a morphologic tissue change It is becoming increasingly 
apparent, however, that an association of a lesion with a functional 
change does not always necessaiily imply that this change is the result 
of the lesion The lesion may lepiesent an end-result of influences in 
which the functional change is the mam or an important factoi 

Correlation of pathologic evidence and clinical data furthermore 
levealed striking discrepancies 1 Hypertension was present although 
at postmortem there was little evidence of arterial or vascular disease 
Such cases are by no means rare I repoited five such, observed within 
a year^ 2 Renal and vascular disease, sometimes even marked, may 
be present, although the patient at no time had hypertension Such 
cases may be said to be “normal” in patients past 55 years of age , these 
have been termed “decrescent arteriosclerosis and nephiitis” by Clifford 
Allbutt 3 There is no relation whatever between the grade of the 
hypertension and the extent and gravity of the aitenal or renal lesion 
These are seiiotis obstacles to a rational explanation of hypertension 
on a renal oi vascular basis and have in recent years again made the 
problem of the cause of hypertension an open issue 

What then is the relation of hypertension to disease of the renal 
and vascular systems ? Evidence is accumulating that such lesions are 
the result of the hypertension itself, or better said, of the normal 
intravascular tension Hypertension, which is merely an exaggeration 
of the noimal tension, bungs about such lesions earlier than they 
otherwise would occur “Decrescent” lesions of kidneys and arteries 
are therefoie the result of tension The precocious and presenile lesions 
are the result of hypertension 

*Froni the Pathological Lahoiatory, Beth Israel Hospital, and the First 
Medical Division, Mount Sinai Hospital 

1 Moschcowitz, Ell Hypertension Avith Minimal Renal Lesions, J A 
M A 77 1075 (Oct 1) 1921 
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This IS not the place to discuss the arguments for this thesis 
Those interested are referred to previous papers on this phase of the 
problem ^ 

In this conception, hypertension is not a “symptom” but the disease 
Itself In other words, function may not be interpreted in terms of 
anatomy, but reversely As a matter of fact, our observations have 
shown that the clinical concept known as “essential hypertension” 
represents the earliest phase of cardiovascular renal disease Con- 
versely, most cases of arteriosclerosis and nephritis with hypertension at 
some time were cases of “essential hypertension ” 

Hypertension is a “disease” only on nosologic grounds As far as 
our piesent methods of study permit us, a morphologic background is 
still lacking Its genesis must be interpreted in teims of pathologic 
physiology rather than m those of anatomy 

In such an interpretation, an increase m peripheral resistance is the 
most important factor in the maintenance of an increased blood pressure 
m the general vascular system Whether this resistance is m the periph- 
eral portions of the arterial tree — the arterioles — as some aver, or in 
the capillaries, or whether the resistance is the result of functional or 
organic changes or both are problems that are as yet unanswerable 
The problem is clearer in regard to the cause of arteriosclerosis 
within the pulmonaiy circulation Here, the peripheral resistance, in 
most instances, is a definite organic change, a stenosis of the mitral 
valve Less often the increased intrapulmonary tension is the result 
of emphysema, chronic asthma and bronchitis, and narrowing of the 
mam pulmonary trunks due to severe kyphoscoliosis Arteriosclerosis 
of the pulmonary vessels and the associated lesion, which I have termed 
“arteriocapillary fibrosis” of the lung (Stauung’s induration), a lesion 
analogous to arteriocapillary fibrosis of the kidney, practically never 
occurs unless such peripheral resistance is present ^ 

The direct cause, then, of the increase in peripheral resistance m the 
greater circulation is obscure I have described ® a “type” patient, a 
combination of psychic and physical characters, in whom hypertension 
IS apt to occur Such an individual may be best visualized as the anti- 
thesis of the child in psyche The stresses and strains of our civilization 
and the consequent strivings for “success” do much to bring this about 
The physical chaiacters of such individuals are partly hereditary 
and partly the result of the psychic makeup The latter is probably 
responsible for the overweight These people do not play or exercise 
How psychic influences cause persistent increase m peripheral influences 

2 Moschcowitz, Ell Pathology of Hypertension, T A M A 79 1196 
(Oct 7) 1922 

3 Moschcowitz, Eh Am J M Sc 158 668 (Nov) 1919 
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IS entirely speculative We must know more of pathologic physiolog}^ 
of the blood vessels before this question can be answered 

In another group of cases, hypertension is the result of a persistent 
exophthalmic goiter This is by no means an uncommon observation 
It is well known that the tachycardia of exophthalmic goitei is associ- 
ated with a normal or an elevated blood pressure If the exophthalmic 
goiter persists ovei an extended period, the elevation of pressure may 
persist despite the eventual subsidence of other symptoms In time, 
the classic evidences of clinical arteriosclerosis and nephritis develop 
As the cause of exophthalmic goiter m most instances can be traced to 
emotional instability and psychic trauma, the relationship of psychic 
strain to hypertension cannot be lightly dismissed 

There, nevertheless, remains a large group of cases into which 
neither of these causes enter We refer especially to cases of juvenile 
or presenile hypertension — cases m which hypertension occurs long 
before middle life, when hypertension is most commonly noted 

With the causes of pulmonary hyptei tension still in mind, the 
problem presented itself as involving an investigation into the possibility 
of an organic increased peripheral resistance in these cases A clue was 
given in the following case 

In 1920, Dr B S Oppenlieimer, at a clinical conference of Mount Sinai 
Hospital, presented a boy, aged 15, suffering from coarctation of the aorta All 
the classic evidences of this lesion were manifest, subjective, physical and 
roentgenologic The anastomotic internal mammary, scapular and vertebra! 
arteries were enormous and tortuous But there were other significant signs 
and symptoms The blood pressure was 180 systolic, the urine contained 
albumin and casts , the radials and anastomatic arteries were hard and extremelj 
tortuous 

This patient, therefore, suggested the following problem Was the 
hypertension the result of the increased peripheral resistance existing, 
by an anomaly of nature, in the isthmus of the aorta, and was the mani- 
fest arteriosclerosis and chronic nephritis sequential to the hypertension 
Or was the association of the hypertension and the attendant lesions 
merely casual and without bearing on the coarctation ^ 

As the rarity of coarctation of the aorta did not offer much prospect 
of immediate observation with these issues in view, a recourse to the 
literature on coarctation of the aorta was necessary It soon became 
apparent that there were certain deficiencies in observation 1 The 
vast majority of the observations antedate the discovery of the 
sphygmomanometer 2 Either clinical data are insufficient or a precise 
morbid anatomy is wanting Nevertheless, the mass of available data 
furnishes sufficient evidence to show that hypertension and the associated 
arteriosclerosis and nephritis are common sequelae to congenital narrow- 
ing of the aortic isthmus 
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In 1872, Eppmger'' reported two cases In the first, in a woman of 61, 
contracted kidneys were revealed at necropsy In the second, in a youth, aged 
17, who died of cerebral hemorrhages, the kidnejs were “small, firm and tough” 
In 1897, Schichold ° reported the case of a woman, aged 32, who since 
childhood suffered from dyspnea, palpitation, and edema of the legs The 
temporal arteries were tortuous , the left ventricle was enlarged, and there was 
present an aortic insufficiency At necropsj'’, the aortic valves were greatly 
thickened and covered with warty vegetations, the root of the aorta was much 
thickened It revealed profound arteriosclerosis and was elongated The 
findings in other organs are not mentioned 

In 1900, Schlesinger® reported the case of a man, aged 50, with cardiac 
symptoms and the typical collateral circulation of the internal mammary arteries 
The vertebra and the subscapular arteries were much “thickened and elongated ” 
In 1901, Minkowski’ reported a patient, aged 23, whose blood pressure was 
300 (Riva-Rocci) and whose kidney function was normal 

In 1901, Bandel ® reported the case of a man, aged 19, whose blood pressure 
was normal The aorta was profoundly sclerotic The kidneys, grossly, showed 
only congestion 

In 1902, Reinitz ” reported two cases 1 A man aged 34, suffered sudden 
death from apoplexy The aorta was sclerotic, the right kidney was large 
and smooth, and revealed good markings (no microscopic examination) The 
left kidney was absent 2 A man, aged 37, committed suicide The aorta was 
sclerosed, more markedly below than above the isthmus The condition of 
kidneys is not mentioned 

In 1903, Haberer reported the case of a woman, aged 47, m whom there 
was complete obliteration of the aorta “The blood pressure was enormously 
increased ” There was marked general arteriosclerosis, especially of the 
collateral vessels The aortic valves were adherent The kidneys showed 
parenchymatous degeneration 

In 1905, Fawcett “ reported eighteen cases Two were diagnosed as chronic 
nephritis, but a reading of the histones would justify the inclusion of a number 
of others, most of the cases were in j'oung or middle aged persons Arterio- 
sclerosis, especially of the collaterals, was present in practically every case 
The necropsy protocols on the kidney lesions are poorly presented and 
microscopic reports are lacking 

In 1907, Monckberg'' reported a marked sclerosis of the aortic valves in 
a patient, aged 50, which he believed was the result of hypertension 

In 1918, Paillard reported the case of a youth, aged 17, with marked hyper- 
tension m upper extremities There was no necropsy 

In 1919, Lommel*^ reported the case of a woman, aged 38, in whom the 
collateral vessels were thickened and tortuous The blood pressure was 190 
There was no necropsy 

In 1920, Hart’® reported the case of a man, aged 42 There was no blood 
pressure determinations The collaterals showed profound arteriosclerosis 


4 Eppmger Prag Vierteljahrschr 112 31, 1872 

5 Schichold Munchen med Wchnschr 44 1279, 1917 

6 Schlesinger Internat Clinics 55 140, 1900 

7 Minkowski Munchen med Wchnschr 48 1335, 1901 

8 Bandel Deutsch Arch f klin Med 72 381, 1901 

9 Reinitz Inaug Dissert , Kiel, 1902 

10 Haberer Ztschr f Heilk 4 26, 1903 

11 Fawcett Guy’s Hosp Rep 59 1, 1905 

12 Monckberg Verhandl d Deutsch path Gesellschr 11 224, 1907 

13 Paillard These, Pans, 1918-1919 

14 Lommel Med Kim 15 892, 1919 

15 Hart, C Med Klin 16 1337 (Dec 26) 1920 
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In the same year, Moon’° reported the case of a boy, aged 11, with marked 
thickening and rigidity of the edges of the aortic valves, giving rise to 
regurgitation 

In 1921, Follet and Caille” reported the case of a youth, aged 17, with 
hypertension in the arms and very low pressure in the legs 

In 1922, Edelmann reported the case of a man, aged 25, whose blood 
pressure was 195 systolic, 45 diastolic The collateral vessels were thickened 
and tortuous No necropsy was performed 

Lanbry and Morre,'® in 1916, reported the case of a man, aged 29, in whom 
“the blood pressure Avas high ” 

These citations, which include the majoiity of case reports furnish- 
ing the necessary data on this problem, indicate that hypertension, 
arteriosclerosis and nephritis are very frequent sequelae of congenital 
stenosis of the aorta This is especially noteworthy, since the majority 
of these patients had not reached the period of middle age All observers 
are agreed that sclerosis of the valves and of the aorta below the point 
of stenosis are constant findings and that the aortic nng is consequently 
often insufficient Indeed, rupture of the aorta due to the increased 
tension is not an uncommon end (Huchard) As further circum- 
stantial evidence that hypertension must be commonly present is the 
fact that apoplexy is a common mode of death in this condition 
(Minowski,’’ Brunner 

One must not carry away the impression that every case of con- 
genital stenosis of the aorta is followed by hypertension and its attendant 
pathologic phenomena Cases have been reported in which hypei tension 
was not present (Strassner 2 ^) Patients with this anomaly have been 
known to live to an advanced age, in one case to the age of 92 A 
normal or loiv tension may be explainable in one or two ways 1 A 
previously existent high blood pressure became low as the result of 
cardiac decompensation 2 The peripheral resistance was equalized b} 
an unusually rich anastomosis (internal mammary, intercostal, Aertebral 
and subscapular arteries) 

CONGENITAL NARROWING OF TFIE AORTA (aORTA ANGUSTA) 

A disproportion between the quantity of blood and hypoplasia of the 
lascular system will give rise to an increased peripheral resistance 

The concept of congenital hypoplasia of the aorta was introduced by 
Virchow,^’' who associated this lesion with chloiosis Since then, the 

— ■ . - I 

16 Moon, R O Lancet 1 1314 (June 19) 1920 

17 Follet and Caille Arch d mal du coeur 14 207 (May) 1921 

18 Edelmann, A , and Moron, R Wien Arch f inn Med 4 1 (April) 1922 

19 Lanbry and Morre Bull et mem Soc med d hop de Pans 40 2237, 
1916 

20 Huchard Trades des maladies du cceur et I'aorte, Pans, 1908 

21 Brunner Deutsch med Wchnschr 24 794, 1898 

22 Strassner Deutsch Arch f klin Med 95 344, 1909 

23 Virchow Ueber die Chlorose, Berlin, 1872 
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stud} of tlie narro\\ aorta has been rather extensive, and it has been 
noted V ith a variety of conditions e g , phthisis status th} mico- 
hniphaticus, chlorosis acromegah hypoplasia and h}pertrophy of the 
heart pernicious anemia and purpura hemorrhagica A study of the 
literature on narrow aorta leaves one rather confused In the first place, 
there is no absolute criterion as to what constitutes a narrow aorta 
Beneke,-'* for instance, in a series of 100 necropsies found a wide range 
At a distance of 1 cm abo\e the \ahe, the circumference \aned between 
5S8 and 31 0 mm , m the middle of the thoracic aorta, between 40 7 
and 13 2 mm , and at a point 3 cm abo\e the bifui cation, between 33 3 
and 13 2 mm He found the diameter larger in males than m females, 
and there v as an approximate relationship to the height and age of the 
individual Scheel’s figures are somewhat higher For instance 
between the ages of 20 and 30, the circumference of the ascending aorta 
averages between 62 and 57 mm On the other hand, Strassburger 
and Suter claim that the v idth of the aorta as measured postmortem 
IS no criterion as to its carrying capacit\ during life They hold that 
elasticity and distensibiht}- of the coats \ar} wideh and that a pre- 
sumably narrow aorta may become sufficiently wide under the normal 
intravascular tension 

Furthermore the association of narrow aoita with some of the 
conditions abo\e described has been questioned Thus in a recent 
critique. Louise Kaufmaim doubts whether a naiiow' aorta has any 
pathologic significance whateAei Her material is rather limited, being 
confined to } oung and middle aged soldiers She studied the association 
of narrow aorta with phthisis and status thymicolymphaticus, and found 
that such indnuduals possess aoitas with diameters within the normal 
range Her findings in status thymicolymphaticus are in conflict with 
most of the testimoii} of other able obseryeis notably Stoeik-” and 
Kolisko 

^^’hateyer the significance of narrow aorta may be, the fact remains 
that (1) tliere exists a uniform relatue diminution m size of the aorta 
from the root to the iliac bifurcation, (2) the size of the aorta is fairly 
uniform for the age and height of the indnidual, (3) an aorta may be 
legal ded as definitely narroyv yvheii it is at least from 5 to 10 mm 
smaller at a point 1 cm aboy e the root than the mean ay erages compiled 
fiom the Beneke Scheel and Kaufmann tables 

24 Beneke J f Kinderkr 4 380 1871 

25 Scheel Virchoyys Arch f path Anat 191' 135, 1908 

26 Strassburger Frankfurt Ztschr f Path 3 283 1909 

27 Suter Arch f exper Path u Pharmacol 39 289, 1897 

28 Kaufmann Zur Frage der Aorta angusta, Jena 1919 

29 Stoerk Zur Khmk der LMnphatismus, Berlin, 1913 

30 Kolisko Quoted by Stoerk (Footnote 29) 
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It IS conceivable that a narrow aorta may furnish sufficient peripheral 
resistance to cause hypertension and its consequences, arteriosclerosis 
and nephritis, and thus explain the genesis of hypertension in cases 
otherwise obscure, for instance, juvenile and precocious hypertension 
The first young nephritic on whom we had occasion to perform a post- 
mortem examination gave, m a striking fashion, expected findings 

REPORT OF CASE 

Histoiy — M K, aged 42, a driver, whose family and past history was 
irrelevant, for two and a half weeks had felt weak There were general malaise, 
dyspnea and a dry cough Five days before, there was epistaxis which lasted 
four days Nocturia was present 

Evammation — The patient had sonorous and moist rales at both bases The 
apex of the heart was not visible Maximum intensity of the sounds was in 
the fifth space, inches (3 7 cm) within the mammary line The second aortic 
sound was accentuated The sounds were regular, and there were no murmurs 
The radial arteries were thickened The urine contained a heavy trace of 
albumin and the specific gravity varied between 1 017 and 1 023 Hyaline and 
granular casts were present The phenolsulphonephthalem output in two hours 
was 12 per cent The quantity averaged around 25 ounces (750 c c ) The 
blood pressure during his stay varied between 190 and 248 systolic and 130 
and 160 diastolic The blood chemistr}^ tests on admission showed urea, 23 0 
nonprotein nitrogen, 48 7, creatinin, 15, glucose, 0105 These figures rose 
steadily until twelve days later, when the urea was 60 6 , nonprotem nitrogen, 
79 3, creatinin, 20, glucose, 015 The retina and optic disk were edematous, 
the margins were indistinct The^veins were dilated, the arteries thin and in 
places invisible There were hemorrhages along the vessel and the disk 

Neaopsy — The lungs showed an old healed pleural tuberculosis of the 
right apex Both bases were intensely congested and slightly edematous, the 
remainder of the lungs otherwise showed passive congestion The heart was 
very large The left ventricle was enormously dilated There was marked 
hypertrophy, and the aortic valve was slightly rigid The mitral valve was 
normal There were some atherosclerotic patches on the upper inner wall of 
the left ventricle The muscle was firm and brownish red The aorta was 
markedly sclerosed and inelastic The right ventricle was dilated The 
pulmonary artery was smooth The liver which showed advanced change of 
the nutmeg type weighed 1,360 gm The spleen weighed 68 gm and was 
slightly enlarged, firm and a deep purple The pancreas was enlarged and firm 
The left kidney weighed 89 gm , the right, 140 gm The capsule stripped easily 
The surface was markedly granular On section, the appearance was mottled, 
the cortex was thin, and the markings were very poor The blood vessels 
were prominent 

Diameters, of the vascular system The ascending aorta, 1 cm 
above the ring, measured 42 7 mm , the thoracic aorta, 34 5 mm , the 
common iliac artery, 15 7 mm , celiac axis, 12 6 mm , splenic artery, 
6 3 mm , renal artery, 12 6 mm , innominate artery, 22 0 mm , common 
carotid artery, 12 6 mm , pulmonary artery, 57 5 mm 

Anatomical diagnosis Hypoplasia of the vascular system, chronic 
diftuse nephritis (artenocapillary fibrosis) , chronic congestion of the 
lungs with hypostasis, hypertrophy and dilatation of both ventricles 
and chronic congestion of the spleen were diagnosed 
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Microscopic Examination — The heart showed hypertrophy of the 
muscle fibers There was brown pigmentation of the heart muscle and 
slight interstitial myocarditis The lungs showed chronic passive con- 
gestion, and the spleen showed chronic congestion The kidneys pre- 
sented a dififuse gio^vtli of connective tissue, especially in the coitex 
The glomeruli were shrunken, many showing connective tissue tians- 
formation with hyalinization and occasional calcification The Bowman 
capsules were slightly thickened The tubules were deformed and m 
connective tissue areas weie either absent or few and small In other 
aieas, they were numerous and enlarged (compensatory hyperplasia) 
The blood vessels were thickened and showed intimal hyperplasia and 
connective tissue thickening 

In the meantime, investigation revealed a surpiismgly comprehensive 
literature dealing with this topic 

Virchow,’® in 1872, was apparently the first to note the association 
of early arteriosclerosis and nephritis with narrow aorta, but credit is 
due to Lancereau and his pupils, Besancon and Mosgofian for the 
introduction and systemic study of this conception 

Lancereaux believes that the majoiity of nephritides in the young 
and the so-called hereditary nephritides are the result of congenital 
aplasia of the vascular system His description of the clinical picture 
corresponds precisely to that associated in our minds with nephritis with 
hypertension , and the necropsy findings likewise reveal contracted 
kidney The kidneys are small (from 45 to 80 gm ) and granular, the 
capsule IS adherent, and the cortex is thin and contains cysts Micro- 
scopically, there is enonnous connective tissue increase with sclerosis 
of the vessels and glomeruli Many patients give a history of chlorosis, 
and present evidences of infantilism It is interesting to note that, from 
the point of view of pathogenesis, Lancereaux, even m the eighties, 
believed that increased intravascular tension was the cause of the 
condition 

Bensancon’s discussion is m a similar vein He leports nine cases, 
varying between the ages of 18 and 35, m the four cases m which 
measurements were made, the diameter of the aorta at the root was 44, 
42, 52 and 42 mm Mosgofian, again, covers practically similar ground 
and reports eight cases, the patients varying m ages between 17 and 37 
Indeed, he asserts that these cases are by no means uncommon Subse- 
quent writers (Frantzel,®^ Luzet®® Spitzer,®® Chiaruttini Moutard, 

31 Lancereaux Gaz Med de Pans 7 172, 1891, Lecons de Qmique 
Medicales Pans, 1894, Diction Encyclopedique des Sci Med Pans, 1875, p 196 

32 Besancon D’une nephrite liee a I’aplasie arterielle. Pans, 1889 

33 Mosgofian These, Pans, 1893 

34 Frantzel Berl khn Wchnschr 25 575, 1888 

35 Luzet Arch gen de med , 1890, p 725 

36 Spitzer Wien med Wchnschr 47 1602, 1897 

37 Chiaruttini Clm med ital 38 481, 1899 
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Martin and Bacalogene,®® Burke,’® Romberg^® and Apelt^^) report a 
considerable number of cases, but add practically nothing new to 
Lancereaux’s observations Approaching the era when blood pressure 
detei minations become routine, Wolkow describes rigidity of the 
radial arteries in young individuals of the gracile chlorotic type, asso- 
ciated with hypertension and signs of cardiovascular-renal disease, who 
at necropsy presented a narrow aorta Muller describes war recruits 
with rigid arteries and a drop heart associated with a narrow aorta The 
most recent paper is by Strauss, who also found recruits in the second 
and third decades with high blood pressure, h}’^pertrophy of the left 
ventricle, ngid arteries and a narrow aorta He attempts a clinical 
explanation of the condition and believes that an otherwise unexplain- 
able hypertrophy of the left ventricle with arteriosclerosis in a young 
individual is suggestive of the presence of a narrow aorta 

These citations certainly show that cardiorenal disease especially m 
the young is frequently associated with narrow aorta It does not 
follow that every young patient with an unexplainable nephritis pos- 
sesses a narrow aorta A recent necropsy, in the case of a man, aged 
20, with cardiovascular disease, showed, for instance, an aorta of normal 
dimensions It was thought that a perusal of the literature on hyper- 
tensive nephritis in childhood would afford corroboration of our thesis, 
but aside from some suggestive data, this proved unsatisfactory for the 
reason that the size of the aorta is ignored Barlow and Brault 
mention the small size of the vessels in their cases of juvenile arterio- 
sclerosis 

In this connection, certain observations in juvenile nephritis are sig- 
nificant as an indication that a maldevelopment of a hypoplastic nature 
IS a factor in the condition This may also explain cases of familial 
nephntis Brill and Libman report the case of a child of 14 with 
interstitial nephritis and arteriosclerosis, who was weak and undersized 
The other children in the family had nephritis Miller and Parsons 
report cases of interstitial nephiitis in children who presented a general 
aplasia One child, aged 9, was the same size as his brother, aged 3 

38 Moutard, Martin and Bacalogene Bull et mem Soc med d hop de 
Pans 15 110, 1898 

39 Burke Deutsch Arch f klin Med 71 189, 1901 

40 Romberg Lehrb des Krankheiten des Herzens u Blutgefasse, Berlin, 
1906 

41 Apelt Deutsch med Wchnschr 31 1186, 1905 

42 Wolkow Verhandl Kong f mn Med 27 611, 1910 

43 Muller Med Klin 11 1365, 1915 

44 Strauss Med Khn 12 416 

45 Barlow Lancet 2 151, 1874 

46 Brault Arterites et Scleroses, Pans, 1897 

47 Brill and Libman J Exper Med 4 541, 1899 

48 Miller and Parsons Bnt T Dis Child 9 289, 1912 
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He calls the condition “renal infantilism ” Barker reports two cases 
in the same family, both m children much undersized He subscribes 
to the previously mentioned conception of “renal infantilism ” Hill 
reports a case of chronic interstitial nephritis with hypertension in a 
child with infantilism 

In a recent paper, Evans reports four cases of arteriosclerosis in 
children, all suffering from hypoplasia The familial tendency of 
juvenile artenosclerosis and nephritis is commented on by most 
observers These evidences, while few, are suggestive, and the 
deficiencies in our observations are only too evident 

Much work is necessary on the problem of juvenile or presenile 
aiteriosclerosis and nephritis along the lines suggested in this paper 
before we can attain a correct knowledge of the statistical relationship 
of congenital peripheral resistances to hypertension and its sequences, 
arteriosclerosis and nephritis 

CONCLUSIONS 

1 The immediate cause of hypertension is unknown 

2 Among the remote causes, psychic factois play an important role 
Evidence of this is presented m two varieties of individuals in whom 
hypei tension is a common occurrence (a) the “type” 'individual 
described in a previous paper, who may be summarized as the antithesis 
of the “child” in makeup and temperament, {b) patients with the incom- 
plete or complete forms of exophthalmic goiter or “autonomic 
imbalance” m whom accumulating evidence shows that psychic and 
emotional factors are of importance in then causation 

3 Peripheral lesistance is of importance m the causation of hyper- 
tension and its consequences, aiteriosclerosis and nephritis In the 
lessei ciiculation, this is proved by the fact that, in cases of mitral 
stenosis, even in young individuals, marked aiteriosclerosis of the pul- 
monary vessels and “arterio -capillary fibiosis” (Stauungs’ induration) 
of the lung are present, while the systemic arteries in cases of general 
vascular hypei tension show aitenoscleiosis, the pulmonaiy vessels are 
free 

4 There is evidence that a congenital peiipheral resistance, either 
in the form of congenital stenosis of the isthmus of the aoita or a con- 
genital nairow aorta (aorta angusta), may be the cause of hypertension, 
arteriosclerosis and nephritis This may account for the etiology of 
some cases of juvenile or piesenile arterioscleiosis and nephiitis and 
some cases of familial nephritis 

49 Barker Brit M J 2 1204, 1913 

50 Hill, L W Nephritis of Children, Am J Dis Child 17 270 (April) 
1919 

51 Evans, G Quart J Med 16 33 (Oct ) 1922 



THE METABOLISM-PULSE RATIO IN EXOPHTHALMIC 
GOITER AND IN LEUKEMIA 

WITH REMARKS ON CERTAIN SIMILARITIES IN THE 
SYMPTOMATOLOGY OF THESE DISEASES * 

GEORGE RICHARDS MINOT, MD 

AND 

JAMES HOWARD MEANS, MD 

WITH THE ASSISTANCE OF CONSTANCE HOPKINS 

BOSTON 

Experiment, as shown by Galen, consists of “putting questions to 
Nature and arranging matters so that Nature may answer them ” The 
question we have asked is What causes the rapid pulse m hyper- 
thyroidism^ Is it dependent solely on the increased metabolic rate or 
IS there invariabl}'- some other factor that produces tachycardia^ 

This question cannot be answered directly However, it occurred 
to us that light might be thrown on the subject by a comparison of the 
relation between basal metabolism and basal pulse rate in hyperthy- 
roidism with that in leukemia These are the two afebrile^ morbid 
states that are conspicuously characterized by an increased rate of heat 
production 

For the purpose of comparison, a plot has been made of the basal 
metabolism rate (ordinates) against basal pulse rate (abscissae) for 
180 observations in 126 cases of exophthalmic goiter (Chart 1) and 
for 110 observations- in seventy-one cases of chronic leukemia 
(Chart 2) Of the latter patients, forty-five had myelogenous and 
twenty-six lymphatic leukemia ^ A similar comparison has been made 
by Sturgis ^ in exophthalmic goiter, with results similar to those 

* From the Medical Services of the Massachusetts General Hospital ana 
the Collis P Huntington Hospital of Harvard University This paper is No 8 
of a series of studies in metabolism from the Harvard Medical School and 
allied hospitals The expenses of this investigation have been defrayed in part 
by a grant from the Proctor Fund of the Harvard Medical School for the studv 
of chronic diseases 

1 Fever of course occasionally occurs in leukemia, especially when the 
disease is very active Under such circumstances, a metabolic rate increment 
due to fever is probably superimposed upon that due to the disease per se 

2 We are indebted to Dr James Hitchcock for making some of the 
determinations 

3 No difference in ratio was found in the two forms of chronic leukemia 

4 Sturgis, C C, and Tompkins, EH A Study of the Correlation of 
the Basal Metabolism and Pulse Rate in Patients with Hyperthyroidism, Arch 
Int Med 26 467 (Oct ) 1920 
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lecorded below Our obser\ations \sere all taken when the patients 
had no fcAer The basal pulse and basal metabolism obseivations 
lepresented by each point were simultaneous, when more than one 
obser\ation was used m a given case, they were obtained on difterent 
da}s, usually some neeks apart The results aie shoun m Charts 1 
and 2 The general distribution of the dots is similar in the two 
The distiibution, hou'ever, at fiist appeared to be so \Yide that some 
doubt w'as had as to the propriety of drawing any conclusion from the 
data They weie theief ore submitted for statistical study to Di W T 



Chart 1 — Exophthalmic goiter In this and in Chart 2, the basal metabolic 
rate is plotted against tlie basal pulse rate For convenience in the t^\o charts, 
the basal pulse rate is expressed in percentage of normal as is the metabolism, 
instead of as beats per minute The rate of 60 per minute w as taken as normal 
for men, 70 for women, and each expressed as 100 per cent The normal 
basal metabolic rate is also expressed as 100 per cent The diagonal line is a 
smoothed cune representing the average distance of the dots aboie the base line 


Bovie, who found that theie w^as a high degree of correlation betw^een 
the data for basal pulse and basal metabolism m both diseases , the 
correlation coefficient m exophthalmic goiter being 0 525 ±: 0 036 and 
in leukemia 0 544 ± 0 044 Furthermoie. the ratios m the tw^o diseases 
weie essentially the same A smoothed cu^^e representing the arerage 
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height above the base line is shown in each chait This is of necessity 
at best only an approximation, but the similarity m the slopes of the 
two is sti living 

These observations indicate that, for a given basal metabolic rate 
increase, there is about the same degree of pulse elevation m chronic 
leukemia as there is m exophthalmic goiter In hyperthyroidism, cer- 
tain circulatory abnormalities are regarded as cardinal symptoms of 
the disease, in leukemia, they are not generally so regarded If the 
tachycardia of leukemia is purely a resultant of increased metabolic 



rate, that of exophthalmic goiter may well be considered as due to 
the same cause We do not wish to imply that there never is any extia- 
metabolic factoi m the production of the increased pulse rate of hyper- 
thyroidism or leukemia It is well recognized that thei e often is cardiac 
damage m Jiyperthyroidism of sufficient degree to be undoubtedly 
capable of increasing the tachycardia, while m leukemia, anemia may 
do the same Anemia may also give rise to some degree of cardiac 
insufficiency Even so, we believe it is a reasonable conclusion from 
the data given that, m the majority of uncomplicated cases of exoph- 
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thalmic goiter the increased metabolism is at least sufficient to account 
for the taclncardia observed This conclusion is permissible provided 
the assumption is sound that there is no frequent important cardiac 
factor in leukemia The rareness of cardiac insufficiency m the latter 
disease except as a late manifestation associated with profound anemia, 
suggests that this is so Some cardiac enlargement m exophthalmic 
goiter IS not infrequent'^ and from our observations of fifteen cases 
It appears that the hearts of persons d\mg from leukemia are on the 
a\erage 75 gm o^erwelght A similar condition is found in persons 
-who have suffered from anemia for \ears Such cardiac hypertrophy 
presumably results from tlie long continued o\en\ork by the heart 
and IS not to be regarded as tlie primar}' cause of the tacli} cardia 

The s}*mptoraatolog)* of the h}’pertlwroidism is peculiarly interest- 
ing. m tliat as pointed out by Du Bois," it can largely be explained on 
the basis of tlie known functional patliolog}’ The increased rate of 
heat production together witli an essentially normal body temperature 
directly explains the sensation of warmtli, the increased sweating and 
the flushed moist skin, these being due to increased heat elimination 
The loss of t\ eight is a direct expression of increased heat production, 
and tlie excessive appetite an attempt on the part of the organism to 
compensate for this The tachi cardia as stated above may result from 
increased metabolism alone The dyspnea m In perth}Toidism can also 
probably be explained ivithout assumption of a primary* cardiac factor 
Certain of tlie nervous S}Steni S}nnptonis such as irritabiht}*, tremor 
and asthema and such symptoms as tlie eve signs diarrhea and 
menstrual disturbances cannot be directh* explained on the basis of 
increased metabolism They may occur as noted by Kessel and H}Tnan ® 
in persons mtli normal metabolic rates as may neurogenic tacliycardia 
aho 

If the first category of S}mptoms giien is in h\*pertlnToidisni, a 
direct expression of increased heat production then in leukemia, eien 
when afebrile one ivould expect to find these same symptoms Statis- 
tical data concermng these s}Tiiptonis m leukemia are at present not 
available but are in the process of compilation Howe\er it is ewdent 

5 Wilhu*; F A , and Bootlibv W M , v ith a note on the pathology bj 
Wilson L B The Heart m Exophthalmic Goiter and Adenoma vith Hjper- 
tluroidism Wed Clinics N America 7 1S9 (Tiih) 1925 

6 Cabot R C and Ridiardson, O Cardiac Hj-pertrophj in Pernicious 
Anemia TAMA 72 991 (April 5) 1919 

7 Du Boi-: E F Metabolism in Exophthalmic Goiter, Arch Int !Med 
17 915 (Tune) 1916 

8 Kessel Leo and H\-man H T Studies of Gra\es Sj-ndrome and 
Imoluntarv Nervous Svstem Qinical Manifestations of Disturbances of 
Imoluntarv- Nervous Svstem (Autonomic Imbalance), Am J M Sc 165 513 
(April) 1923 
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from the literature,® as well as from our study of leukemia, that many 
of these symptoms are commonlj' observed in this disease Leukemic 
patients quite constantly experience a sensation of warmth and show a 
distinct tolerance for cold m spite of anemia and emaciation Increased 
sweating is not uncommon , a warm moist skin is often observed, and 
hot moist hands chaiactenstic of exophthalmic goiter are not infrequent 
in leukemia Flushing seems much less usual than in hyperthyroidism 
Loss of weight, which often is marked and rapid, is a feature of 
leukemia, and many of these patients without gastro-mtestinal com- 
plications have an increased desire for food Dyspnea is common in 
both diseases, and while m leukemia, anemia plays a part, the increased 
metabolic rate in the two would seem to be an important factor in its 
production 

Nervousness, irritability, insomnia and tremor, symptoms of hyper- 
thyroidism that are probably not directly due to increased metabolic 
rate, are not common in leukemia The three former symptoms may 
occur in leukemia as in other chronic diseases , while we have observed 
occasionally a slight fine tremoi when the disease is advanced and the 
hemoglobin considerably reduced The eye signs observed in exoph- 
thalmic goiter are lacking in leukemia, though, as a great rarity, 
unilateral exophthalmos has been observed presumably due to leukemic 
infiltration or hemorrhage into the orbit Persistent diarrhea does occur 
m leukemia, and not infrequently when many immature cells appear in 
the circulation Menstrual irregularities may occur but are not promi- 
nent Lack of strength or a sense of undue fatigue is one of the com- 
monest symptoms to indicate to the patient with leukemia his ill health 
However, it is more a lack of strength than a true myasthenia as seen 
m hyperthyroidism 

CONCLUSIONS 

1 The amount of pulse elevation for a given metabolic rate eleva- 
tion IS essentially the same m hyperthyroidism and in chronic leukemia 
From this, it is inferred that in both diseases the tachycardia is chiefly 
the result of an increased metabolic rate 

2 Certain symptoms of hyperthyroidism which are believed to be 
the direct expression of an increased metabolic rate also occur in 
leukemia, a disease likewise invaiiably characterized b)'- increased heat 
production 


9 Ordway, T , and Gorham, L W Leukemia, The Oxford Medicine 
2 681, New York, Oxford University Press, 1920 Vogel, K M The 
Leukemias, Nelson Loose-Leaf Medicine 4 66, New York, T Nelson and Sons, 
1920 Cabot, R C Leukemia, Osier and McCrae’s Modern Medicine 4 659, 
Philadelphia, Lea and Febiger, 1915 Naegeli, O Leukamien Blutkrankheiten 
und Blutdiagnostik, Lepsic, Veit and Company, 1912 



AX ANATOMIC AND CHEMICAL REPORT OX A 
UNIQUE CASE OF MTHLOMA ^ 

V,' MEYER. MD F A CATORI, MD 

^T'-'rO'-'D V''V Z'-'SlT't, CM.X- 

A careful -crutm; of the literature <=-hov'= that only about ^event}- 
seven ca^e? of multiple myeloma hai.e been reported to date fjanuan.% 
1922^ Eijfht of tue.=e vere reported from Zvlarjdand alone The two 
reported f-om California v.ere ob=erT.ed in this laboratoiy' I may add 
that I Inov, of a th*rd case v-hich occurred in one of the hospitals for 
the in-ane m thi= =tate That the total number of cases obsen-ed is still 
=mall 1 = =hovm a^^o b} the fact ttiat BCahn ^ estimated that onh slxtj- 
one case~ had been reported in i91A The rarene=- of this condition 
v.oald «eem to be further empha-ized by the fact that Sj-mmer^ and 
\’ance - ( 1918; found only three cases among 2 000 necropsies at Belle- 
^ue Ho=pitaI It should be mentioned that \'ance 'fl9I6; verified 
ninet}'-eight references on m 3 'eioma but that doe.- not imph' that the 
arficle= concerned the same number of cases It is true that a single 
article sometimes covers several au-c?, but the reverse al=o happens 
Hence it v.ould seem that e^ven the anatoml.st should not consign an 
madental discover} of a case to oblivion • espedally not vrhen as In the 
case reported here the anatomic findings are unique In at least two 
respects Furthermore if attention 1= called to every* additional case, 
a smaller number will be o^'erloobcd or go unrecorded in the future 
Had attention been directed to the possibilit}* of the existence of this 
condition, the cases reporter! from this lalroratoiy* v.'ould have been 
detected by chmaans Either case could easily have been recognized 
posltr.ely by a roentgen-ray e:'.amination months before death Perhaps 
it should be said that according to Beck ar'd ITcCleary* ^ f 1919;, Toent- 
genokrgicalb* no definite bone change.- ^'.ere demonstrable v.hen their 
uatlent vas first seen Since •=wclhng= in both clavicles and one in the 
first rib said to ha* e measured 5 cm in d:ameter vrere present, this 
statement is -er} perplexing. Pepper and Pearce' (1917; aPo =tated 


** Aatomc reoo-t D- Mc,cr CneiTicai hj Dr. Cajor^. 

1 Kahn, H M Fojr Cases of Malt.plc 3Tdon:a, 3/£ed Rec 85, 191- 

2 S'^i'^’t's Doui^ias anc v ancf 3/Iti1tir>!e Irtraeascaiar Hemangio- 

e'-cond omata of Osseous S:stcm v, itn S* stems of },Iuitiple 3/Iedoma Cm, 
J M Sc 152:22 1916 

3 Vance B 3.1 CLIt.pk Lkelo-na Zfature and Or gir -.m J 3.1 Sc. 
152*993 (i:o f 1919 

- Bee*'. H G arc 3.£cC!ea"3 ' 3.£eltiplc 3.£’ elornas itn Bone 3.£arro**. 

Plasma CeiP n tne Blood. Re;.ort of Case T. .C. 3.1. 72. -^20 f Feb. 15; 1919 

5 Pep'uer O H P. and Pe-arce. R. 3,£ * 3.£i eioma -dtn 3.£etastasls to 
L, er and Sdee- J 3.L Resea-cn Eost. 37:171-182 ("Sent > 1917. Proc. Path 
Soc Pr;A 38,11 1918 
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that the roentgen ray did not reveal the presence of osseous lesions in 
their case, although the compacta was only 0 5 mm thick and the pelvis, 
vertebrae and ribs were all involved by the disease Failure of the 
roentgen ray to reveal the disease was attributed to its very diffuse form 
by these investigators While this no doubt is an important factor, it 
would seem that, even when present m very diffuse form, the great 
thinning of the compacta which the disease sometimes effects should 
become evident m the roentgenograms as m the present cases and in 
Turner’s® (1921) cases 

A perusal of the later literature seems to indicate that there is an 
increase in the number of cases showing the presence of extraskeletal 
lesions It must be clear, however, that if we are to regard the myelo- 
matous condition as myeloblastic in oiigin, tumois m the kidneys, 
muscles, liver, fat, ovaries, lymph nodes, tonsils, etc , must be regarded 
as true metastases Syrnmers and Vance regarded then Case 2 and 
that of Christian'^ (1907) as the only cases with true metastases Since 
then, other cases have been reported, and Pepper and Pearce ® discussed 
fifteen cases of probable metastases, only eight of which they regarded 
as doubtful Morse ® ( 1920) also reported a case with metastases 

The probable duration of the disease was lengthened by reports on 
later cases, and pain seems to be given more prominence as an early 
symptom Dyspnea or a hacking cough are moi e commonly mentioned 
Arteriosclerosis seems to have been present m pronounced foim in a 
number of cases, some of which, as those of Meyer and Swain “ (1918) 
and Beck and McCleary, also showed dilatation of the aortic arch 
Since calcium phosphate is not infrequently deposited even in very large 
layers, m multiple myeloma, the presence of calcification in the vessels 
might leally be expected to be more common than reported 

The clavicles seem to be affected with unusual frequency, and the 
roentgen ray is making it evident that one may speak of the disease as 
m}elomatous even when it is very diffuse This is well illustrated by 
the present case, in which it was difficult, if not impossible, to deliver 
any separate tumor mass completely Yet as shown by the roentgeno- 
gram of the sternum, innumerable distinct tumors were present, making 
the photograph of the sternum look as though it contained innumerable 
bubbles 

6 Turner, W G Myeloma of the Veitebrae, J Orth & Surg 3 69S 
(Dec) 1921 

7 Christian, HA A Multplie Mj^eloma, J Exper Med 9, 1907 

8 Morse, P F Penoxidase Reaction in Three Cases of Multiple Myeloma 
of Bones, with Remarks Concerning the Nosological Position of These Tumors, 

J Cancer Research 5 345 (Oct ) 1920 

9 Meyer, A W , and Swam, R E Side-Lights on Multiple Myeloma, 
Am J M Sc 15G 329 (Sept) 1918 
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that the latter had been fractured twice, and a similar nodule in the left 
clavicle suggested that it also had been fractured The most striking thing 
about the cadaver was the marked deformity of the hands, shown m Figure 1 
The appearance of these deformities seemed to confirm the presence of 
arthritis deformans recorded in the history 

The entire cadaver looked decidedly senile and rather emaciated Because 
of its apparent age and the fact that almost two years had elapsed since the 
patient died, no special significance was, at first, attached to the fact that 
all the ribs had been fractured in transportation by external pressures on the 
ventral surface of the thorax and that the left posterior parietal region of 



Fig 1 — A, dorsal view of the intact left hand, B, dorsal view of the 
right hand with the skin removed 


the skull was depressed These things might ha\e been due to postmortem 
injury It seemed strange, however, that the ribs were so extremely pliable 
and that the sternum and calvarium yielded very easily to pressure But since 
senile absorption not infrequently is very pronounced m these bones, this lack 
of usual resistance received no further attention, as the clinical history was 
not known at that time It is significant in this connection that tenderness 
to thoracic pressure had been noted m the clinical history 

As soon as the scalp had been dissected, it was found that the entire calvarium 
was mottled, as shown m Figure 2, and that only a very thin plate of compacta 
remained in most of the affected reg’ons Closer examination showed that 
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the thin la3'ers of bone overljnng the darkened areas beneath were largely 
decalcified and that slight pressure caused them to yield 

Since the appearance of the calvarium was characteristic, and particularly 
since we had previousl}' met with a case of multiple myeloma in the dissecting 
room, this disease naturalh' came to mind although no mention had been made 
of it m the clinical historj' The surmise that this was a case of myeloma 
was confirmed bj' a reexamination of the places of fracture m the clai icles, 
and particularlj’^ bj' the extraordinary condition of the ribs and sternum 
Further examination of the hands also revealed the fact that some of the 
nodules on the fingers Avere superficial and movable, and hence were deposits 



Fig 2 — Calvarium, showing the numerous tumors 

instead of osseous deformities due to arthritic changes This inference was 
confirmed by further dissection, for even the large deposit on the dorsolateral 
surface of the medial phalanx of the third finger of the right hand could be 
easily removed from the underlying tendons and periosteum ivithout damaging 
them This was true also of the pronounced deposits responsible for the major 
part of the deformity at the distal interphalangeal joint of the same Fneer of 
the left hand ^ 

The appearance of the larger calcium deposit is shown m section m Figure 3 
This deposit measured approximately 2 5 by 1 5 by 1 cm All these deposits 
were quite friable and largely deAoid of tissue, and offered no special resistance 
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to the edge of the knife Their texture and appearance suggested calcium 
Tophi were not present, and nothing else directed attention to the possible 
existence of gout 

The gross examination of the calvarium showed that it was impossible to 
enucleate any of the tumors because they were insufficiently well delimited 
and too friable This was quite in contrast to the case reported by Meyer and 
Swain The tumors in the latter case were definitely delimited and could 
easily be removed intact after stripping of the periosteum 

As Figure 2 shows, most of the areas in which the myelomas had almost 
penetrated the external table of the calvarium were relatively small, ranging 
from pin-point size to approximately 1 cm in diameter However, in the right 
frontal region there was one much larger area, measuring 3 5 cm in diameter 
Here, the tumor was overlaid only by a thin plate of largely decalcified com- 
pacta The destruction of bone seems to have been particularly complete in 
this area The myelomas were so generally distributed throughout the calvarium 
that It was difficult to remove any of them without breaking the skull, and on 



Fig 3 — Large deposit from the dorsolateral interphalangeal region of the 
third finger of the right hand, in cross section , X 2 

attempting to detach the dura mater, it was found impossible to do so without 
running the risk of seriously damaging the calvarium or the base of the skull 
Yet none of the tumor areas projected beyond the level of the calvarium either 
externally or internally The dura was tightly adherent and somewhat thickened, 
but this was not the case with the pericranium, although it, too, seemed more 
closel}’^ adherent than usual An inspection of the interior of the rest of the 
cranial cavity, especially of the base of the skull, showed that this was similarl}^ 
although not quite so generally, affected The mandible showed no evidence 
of lesions on external inspection of the face before dissection 

The appearance of the exterior of the calvarium suggested that the tumors 
probably were disseminated throughout the entire diploe, and this surmise was 
confirmed by a roentgenogram, reproduced in Figure 4 As inspection shows, 
there was no area of the entire calvarium which was not affected by a multitude 
of tumors, many of which do not show m the roentgenogram because of the 
normal curvature of the calvarium A similar condition existed in the sternum 
(Fig S) and also in all the ribs, which were affected throughout their entire 
length With the exception of the first and second ribs, the entire shafts 
were practically destroj’^ed, nothing but a very thin plate of decalcified bone 
of the thickness of paper remaining Several score of healed fractures, some 
of them accompanied by considerable displacement, were present m the ribs. 
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and the heads of manj' of them \\ere ankjlosed to the vertebrae, which were 
practicall)' unaffected, wnth the exception of the first thoracic and the second 
and fourth lumbar, w'hich w'ere slightly affected The marked bone absorption 
accompanying the general tumor formation wms responsible for the decided 
W'eakness of the ribs noticed during the inspection of the intact cada^er The 
condition of the nbs w'as in marked contrast to that found in the former case 
in which all the large tumors in the ribs were definitely circumscribed and liad 



Fig 4 — Caharium showing innumerable tumors 


completely severed the affected bones Morco\cr, in this case there was prac- 
tically no dccalcification beyond the immediate area of absorption 

The chief characteristic of the myelomatous condition m this second cadaier 
W'as the general dissemination of tumors throughout the ribs, sternum, skull 
and mandible The rami of the latter and the greater portion of the corpora 
W'ere completely affected with tumors, only a thin shell of compacta remaining 
m the region of the rami and angles, as show'ii in Figure 6 A roentgenogram 
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of the base of the skull (Figure 7) showed that it was affected as seriously 
as the calvarium, not even the zygomata or condyles being free of tumors 
Roentgenograms of the left upper extremity show that all of the scapula 
except the central portion of the body was almost as completely filled with tumors 
as the calvarium The absence of tumors m the midportion of the scapula 
probably was due to the thinness of the spongiosa The head and the tuberosities 
and the proximal portion of the surgical neck of the left humerus were prac- 
tically unaffected, and little evidence of tumor formation was present in the 
condyles and epicondyles The rest of the diaphysis showed the presence of 



Fig 5 — Sternum, showing innumerable tumors 

large numbers of tumors They lay in contact with each other throughout 
the entire extent of the medulla 

The left clavicle contained a callus, evidently due to fracture, about 3 5 cm 
from Its distal extremity’', and numerous tumors throughout its shaft Only a 
thin shell of compacta remained in the greater portion of the distal two thirds 
of the bone 

The radius and ulna, particularly the latter, contained only slight evidences 
of the presence of tumors, except for the fact that the distal extremity of the 
ulna in the region of the styloid process seemed to have been affected The 
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carpal bones of the right hand were practically normal, but the first, second, 
fourth and fifth metacarpals contained evidences of tumor formation The 
phalanges of the thumb were free, but the middle and terminal phalanges of 
the second and third fingers were inarkedb' affected and ankvlosed 

The left ilium and ischium were much affected, though containing no single 
large tumor area such as that in the right ilium The left femur was but 
slightlj' affected in its upper half with the exception of the head and tuberosity 
The patella was clear, and the same thing seemed to be true of the tibia, but 
the diaphj'^sis of the fibula apparently was affected slightly throughout its entire 
extent 

With the exception of the internal cuneiform, the bones of the left foot, 
the first metatarsal and the phalanges seemed to be unaffected, but the entire 



Fig 6 — A'landible showing innumerable tumors, except in the mental region 


right ilium, with the exception of the thin area in the middle, was extensively 
involved A large oval area about 7 by 6 cm m size m the vicinity of the 
anterior superior spine formed one large tumor which was elevated slightly 
and irregularly above the normal surface though still covered by rough bone 
A greater portion of the tuberosities of the ischium seemed unaffected 

The head, neck and tuberosities of the light femur and also the distal 
fifth of Its diaphysis seemed to be wholly unaffected, but the rest of the diaphysis 
contained disseminated tumors The lower half of the condyles of the tibia 
contained no recognizable tumors, and the rest of the bone contained only 
scattered ones The entire diaphysis of the right fibula was greatly rarefied 
and contained scattered indications of circumscribed tumors The roetngen- 
ograms suggest that the marrow of the entire bone was affected and that 
bone absorption was quite general All the toes and the heads of the first 
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and fourth metatarsals contained evidences of tumors, but the rest of the 
right foot, with the exception of the lateral margin of the cuboid, seemed to 
be unaffected 

The condition of the right scapula was similar to that of the left, except 
that the inferior extremity had been fractured over an area of about 2 cm 
This fragment, although displaced laterally about 4 mm , had completely united 
with the body Callus formation was but slight, and only a small area of the 



Fig 7 — Base of the skull indicating extensive bone absorption also m 
this region 


central portion of the body was free from tumors, as judged bj’’ the roentgen- 
ogram The superior, medial and lateral regions were entirelj'- interspersed 
with tumors, the largest of which measured about 6 mm Most of the spine 
and head, and the acromiom and coracoid processes seemed free of rumors 
Aside from the marked deformity due to displacement and thickening of 
the proximal extremitj^ of the right clavicle, the most noticeable thing m 
the roentgenogram of this bone was the extensive destruction of the shaft 
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The condition of the right humerus was quite comparable to that of the 
left, the head and anatomic neck and the condyles and epicondyles containing 
no tumors 

The radius seemed only slightly aifected m the greater portion of the 
diaphysis The largest tumor, which measured only about 4 mm in diameter, 
was located distally to the radial tuberosity The conditions of the diaphyses 
of the right ulna and fibula were similar to those evisting on the left side 



Fig 8 — A, left hand and wrist, showing the peculiar exostoses at the radio- 
ulnar articulation, B, right hand, showing identical conditions 


The fact that the osseous deformities on the distal extremities of the radius 
and ulna in the left arm were repeated almost exactly in the right is of 
particular interest This duplication was practically identical even to the 
presence of the tumors in the styloid process of the ulna 

The condition of the metacarpals and phalanges was similar to that noted 
in the left hand 
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A marked right scoliosis was present in the region of the second to sixth 
dorsal vertebrae This was uncompensated for m the lumbar region, and 
careful examination of the entire spme failed to reveal any cause for it How- 
ever, since two old fractures were present m the right clavicle, it is not 
improbable that this scoliosis was the result of the posture assumed by the 
patient m an attempt to protect the more severely injured side 

Two small defects were present in the capsule of the left shoulder joint 
Both were slitlike, the larger measuring about 1 cm in length and 3 5 mm 
in breadth, and both being located along the dorsal border of the tendon of 
the supraspmatus The subcromial portion of the coraco-acromial ligament 
was worn, as was the entire outer surface of the upper portion of the articular 
capsule The subdeltoid bursa was entirely intact, however, and not especially 
enlarged The dorsal margin of the intra-capsular portion of the tendon of 
the long head of the biceps was frayed, but the articular cartilages of the 
shoulder joint were quite normal 

The capsule of the right shoulder joint was roughened and frayed, and the 
lateral border of the coraco-acromial ligament was worn to a sharp edge and 
somewhat frayed This is particularly interesting since this ligament in the 
other arm still was continuous with the fibious expansion which extended 
to its lateral margin from the coraco-brachialis and long head of the biceps 





Fig 9 — A group of typical tumor cells 

The tendon of the long head of the latter showed some calcification, and this 
is also true of the synovial villi in the interior of the joint Calcium deposits 
were present also in the anterior portion of the capsule of the right elbow 
joint, in which the capitellum and the head of the radius had undergone changes 
similar to those present in the left arm In brief, the conditions m the wrist 
and hand of this arm were similar to those in the left, even to the destruction 
of and deposit in the tendon of the extensor carpi ulnaris 

Numerous small calcific nodules were present, especially m the lateral portion 
of the capsule at the elbow joint, and almost the entire capitellum and the 
head of the radius were polished Slight lipping was present throughout this 
joint, and the styloid process and head of the ulna, together with the corres- 
ponding articular surfaces on the distal extremity of the radius, were greatly 
deformed The fibrocartilage on the ulna was completely destroyed and the 
medial portion of its distal extremity was formed by an osseous articular 
surface in the form of a trochlea, with a deep groove which received a markedly 
prominent and roughened bony ridge on the right radius, shown in Figure 8F 
An almost identical condition in the left hand is shown in Figure 8H 

The articular cartilage of many of the carpals, metacarpals and phalanges 
were slightly or extensively^ eroded, and the middle and distal phalanges of 
the third finger almost firmly ankylosed But the most interesting thing m 
this entire upper extremity was the presence of deposits in many of the articular 
■artilages In the left hand, as in the right, these deposits were present not 
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only m all ank^losed articulations, but also m most others Hence, it is not 
surprising that there uas considerable erosion of the articular cartilages nith 
but slight para-articular bonv reaction It is rather difficult to account for 
the marked distortion of the fingers, except for that in the terminal phalanges, 
on the basis of bonj change 

Similar deposits in the cartilages accompanied b% roughening and polishing 
were present in man} articulations of the feet although the tibiotarsal articula- 
tions were quite normal The deposit was most pronounced in the articular 
cartilages on the medial portions of the feet, that is m the regions of greatest 
strain Strangely enough, no urates were found in the cartilages examined 
(Cajon) 


I* 



Fig 10 — A group ot osteoclasts 

The deposits were not limited to the joint capsules, to the articular surfaces 
of some of the bones or to the subcutaneous tissues They were found also 
m some of the deep flexor and the common extensor tendons of the fingers 
How'ever, they did not unite these tendons to the underl}ing bone, although 
some of the tendons were considerably thickened in the region of the deposits 
That trauma probably was a factor determining the location of these tendon 
deposits IS suggested, not onl} bj their location in this case, but also by tlie 
fact that the woin tendon of the extensor carpi ulnaris, wdiich was parth 
destrojed b\ fnction through movement on the roughened, large exostosis 
in the region of the styloid process ot the ulna, also contained deposits 
Although slight evidences of w-ear were present in the right hip joint, similar 
deposits w^ere absent here and also in the right knee joint, exceot that some 
of the synoMal villi in this joint contained them 
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The deposits in the superficial fascia were located in regions exposed to 
trauma Except for those located on the fingers and in the tendons, they were 
small, some being barely visible to the unaided eye It was particularly inter- 
esting that small deposits were found in the subcutaneous and subfascial bursae 
in the olecranal and in the prepatellar regions Since it is but rarely that 
superimposed subcutaneous bursae are found in the olecranal region, it is 
more than likely that these elbows were subjected to more than ordinary 
friction Both subcutaneous or superficial bursae of the olecranon were larger 
than usual, this being particularly true of the left one Both subfascial or deep 
bursae were small, measuring onl}' about 7 mm across, but the walls of both, 
as well as those of the Subcutaneous bursae, did not suggest the existence 
of a former infection I do not know whether slight trauma or friction may 
have been a factor in determining the location of these subcutaneous deposits, 
but their location necessarily suggests this Only a few very small superficial 
deposits were noticed in the region of the feet, but these also were found m 
areas exposed to injury 

There was an entire absence of metastasts in this, as in the previous 
case The local calcium deposits also were in marked contrast both in loca- 
tion and in extent to those m the previous case There was nothing in the 
viscera to attract special attention The lungs, except for minute deposits which 
gave the cut surface a granular feeling, seemed quite normal The spleen was 
decidedly below normal in weight The aorta and all the great central vessels 
were in good condition, but the radial arteries were extremely sclerotic and 
calcified The same was true of the vertebrals and the internal carotids in 
the more distal regions The coronary arteries also were somewhat sclerotic 
as were the bicuspid and tricuspid valves Nevertheless, these areas of 
sclerosis, as well as those m the arteries, would not have attracted attention 
by themselves Although pronounced, they were not more so than those often 
found after death from causes unassociated with myelomata, nor were they 
so extensive 

Microscopic sections of portions of the tumors removed from the temporal 
region, the ribs and the ilium showed an entire absence of encapsulation In 
many of the areas surrounding these tumors, there was so little connective 
tissue that one had to look carefully for it This finding agrees with the fact 
that it was impossible to remove any of these tumors m their entirety as. in 
the previous case Indeed, considerable areas of these tumors seemed wholly 
free from stroma of any kind, the prevailing type of cell suggesting premyelo- 
cytes Not uncommonly, these cells were arranged in cords about a vein, 
thus roughly simulating a liver lobule 

Although the preservation of these tumors was not adequate to permit a 
careful cytologic examination, it, nevertheless, was sufficiently good to reveal 
clearly the fact that there was uniformity in the size and character of the 
tumor cells Most of these were from 10 to 12 microns in diameter, with a 
slightly granular cytoplasm and an eccentrically placed vesicular nucleus, as 
shown in Figure 9 In many of these nuclei a nucleolus was evident, but 
in others the chromatin was formed into small granules 

As reported also by other investigators, small, less well-preserved areas were 
scattered throughout the sections of these tumors A careful search was made 
for different types of cells, but none were encountered, except that osteoclasts 
were present at the periphery of the tumors from the ribs and sternum and 
were also contained in sections from the large tumor-area in the right ilium 
They were quite usual in t 3 'pe, as shown in Figure 10, and were found only 
at the periphery of the tumors from the ribs because the midportions of 
these tumors contained no osseous remnants 

The Haversian canals in the surrounding bone were in a condition quite 
similar to that found in the case previousl 3 ' reported except that there was an 
absence of an internal bounding la 3 'er of cells osteoblastic in character No 
matter how wide these canals vere, or how great or how irregular the bony 
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destructioji, none (of those examined) contained osteoclasts The latter were 
confined largely to the periphery of bony trabeculae and to spicules of bone 
which lay isolated in the cellular masses of the tumor 

No periosteal reaction was present where the tumors had perforated the 
bone in the temporal region Yet the body contained scores of fractures which 
had healed without a great deal of displacement or an excessive formation 
of callus Slight deposits of a brownish pigment were noticed, particularly 
in the affected regions from the temporal bone, small areas of which did not 
seem to show the presence of tumor cells They contained shadow forms of 
fat cells instead In other areas, the adipose marrow contained scattered 
tumor cells throughout its entire extent This seems particularlj interesting 
in view of the fact that the extremities of the long bones, where red marrow 
IS retained longer, were not at all, or but very slightly, affected The diaphyses 
of these bones, on the other hand, were markedly affected, in spite of the fact 
that the body was that of an indn idual 63 years of age Hence, one either 
must assume that the myelomatous condition had existed for decades or that 
It encountered no difficulty in extending into or in beginning in fatty marrow 
It IS true, nevertheless, that the red marrow was affected more generally than 
the yellow This is well exemplified by the condition of the calvarium, and by 
that of the entire skull, the ribs, the sternum and such long bones as the 
phalanges, the metacarpals and metatarsals and such short bones as the carpals 
and tarsals 

Microscopic examination of the large deposit over the distal interphalangeal 
articulation of the middle finger of the left hand levealcd large areas many of 
which were composed exclusively of deposit Some of these contained con- 
siderable quantities of yellowish pigment which, strangely enough, gave the 
impression of being diffuse in some areas These deposits were transversed 
by many coarse trabeculae of fibrous connective tissue, some portions of which 
were decidedly infiltrated with large lymphocites, most of which contained a 
somewhat more extended margin of cytoplasm Not infiequently these areas 
of infiltration were located near blood vessels Although the section examined 
contains a portion of the common extensor tendon, the latter did not contain 
deposit throughout its entire extent A small portion of it contained a large 
mass near one side of which smaller deposits were found A small portion 
of bone, apparently a portion of an exostosis, also showed the presence of 
some osteoclasts and considerable destruction Aside from being very vascular, 
the subcutaneous tissues over this aiea showed nothing peculiar 

There was an entire absence in this skeleton, of anything that could be 
referred to as an exostoses except on the distal extremities of the radii and 
ulnae as shown in the roentgenograms of the hands 

Both coxal bones were decidedly massive with markedly roughened surfaces, 
especially over the ilium, due probably to reactions evoked in the periosteum 
This seems the most likely explanation for the presence of the roughening 
since it was most marked in the regions where the tumors came nearest to 
the surface in these bones It is interesting that no such roughening was 
present on any of the ribs, in the sternum oi on the skull Yet over the 
entire external surface of these bones, there were numerous small areas in 
which the tumors came very near to penetrating the compacta 

The roughening of the surfaces of these bones was indeed very similar to 
that present in the right tibia, the periosteum of which was somewhat adherent 
The vessels were tortuous Whether or not the marked anterior curvature 
of this tibia really was congenital, as suggested in the protocol, is open to 
doubt The entire appearance of the surface of the bone suggests that it was 
syphilitic, although the curvature was not such as is regarded as typical in 
this disease The extreme vascularity of the bone as judged by the many 
large vessels that perforate the diaphysis on all sides is as curious as the site 
of considerable ossification at the place of insertion of the popliteus 
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CALCIUM AND PHOSPHORUS CONTENT OF THE TISSUES 

Unusual conditions of mineral metabolism undoubtedly prevail dur- 
ing multiple myeloma They are a result of the extensive lesions in 
osseous tissue characterized by the replacement of bone by tumor 
masses 

The attention of investigators has been attracted by the way in which 
the body disposes of the large amounts of calcium liberated from the 
bones That a large part of it is excreted by way of the kidneys and 
intestines is clearly indicated by the observations of Williams (1910- 
1911) and Blatherwick (1916) So great was the loss of calcium in 
the case studied by the latter, that the daily administration of 1 5 gm 
of calcium oxid was insufficient to secure a positive calcium balance 

Analysis of various tissues from cases of multiple myeloma indicates 
that frequently there is an infiltration of calcium salts in some parts of 
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Finger deposits 

15 41 

2 77 
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Striped muscle 
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0 76 
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Liver 

4 56 

0 49 

0 74 

10 89 

10 39 




Lungs 

5 00 

0 26 
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19 28 




Spleen 

5 91 

0 37 

3 30 

6 27 

5 09 





the body Bender (1902) reports finding calcium deposits in the 
lungs, liver and lymph glands and m connective tissue Tschistovitsch 
and Kolessnikofit (1909) analyzed several tissues from a case of 
myeloma and found an abnormally high ash content of the lungs, liver 
and kidney In the case reported by Meyer and Swam (1918), the 
latter found that the percentage of calcium in the large deposits in the 
parietal pleura was 35 13 There also were excessive amounts of cal- 

f 

12 Williams, O T, and Evans, E R A Case of Multiple Myeloma with 
Some Observations on the Nature of the "Bence-Jones” Protein Found m the 
Urine, with a Pathological Report on This and Another Case by E Glynn, 
Lancet 2 , 1910 

13 Blatherwick, N R Calcium and Bence-Jones Protein Excretion in 
Multplie Myeloma, Am J M Sc 151 432 (March) 1916 

14 Bender Ueber ein penostales Rundzellensarcom in ein Myelom mit 
Kalkmetastasen, Deutsch Ztschr f Chir 63 370, 1902 

15 Tschistovitsch, T, and Kolessnikoff, Helene Multiples diffuses Myelom 
(Mjelomatsis ossium) mit reichlichen Kalkmetastasen in die Lungen und 
andere Organe Virchow’s Arch f path anat 197 112-135, 1909 
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ciiini in the muscles examined but a ory low content in the bones This 
was especially true of the bones in ^\hlch theie weie extensive tumor 
lesions 

I anal} zed a number of specimens of bones and other tissues from 
the case of multiple myeloma described in the present papei (Meyer) 
The samples of the ribs and skull were filled with innumerable tumors 
For the sake of comparison, we took a section of the distal thud of the 
diaph} SIS of the f emui , that, judging from roentgen-ray examination, 
seemed to be fiee from tumois 

Several of the deposits over the distal interphalangeal joints 
described aboA e v ere dissected out and analyzed It also seemed desir- 
able to stud} the actual tumor masses sufficient quantities of which 
vere removed from the iibs In addition samples of the livei, lungs, 
spleen, trachea and the quadriceps extensor muscle were examined 
Each specimen was prepaied for anal} sis b} dissecting it as com- 
pletely as possible fiom adhering tissue It was then cut into fine 
pieces and dried at 110 C to constant weight The ashing was done m 
platinum dishes at a dull ledness The ash was dissolved in hydro- 
chloric acid Calcium vas determined b} the McCrudden method and 
phosphoric acid b} the usual giaMinetnc proceduie 

The anal} tic results are given in the accompanying table 
The ribs showed an extremely lov ash content as compared with 
that of the apparent!} noimal femui Flence, it seems that actual 
decalcification of the bone, as suggested b} gioss examination, had taken 
place It IS lather surprising that a like lesult was not obtained in the 
calvarium, where the tumors were \ei} numerous A poition about 
5 cm in diameter taken from the left parietal region w^as almost normal 
in composition 

It will be noted that the ratio of Ca to PO^ m the bone samples is 
not far from 400 to 570, the latio existing in normal bone Sw’^ain 
(Me}ei and Sw^ain, 1918) also found that this ratio had not changed 
significanth in the myeloinatous bones examined by him 

The low' ash content of the tumor masses show's how' completely the 
bone w'as decalcified in some legions The low' mineral content of the 
finger deposits dispelled the idea that these w'eie composed mainly of 
lime salts A few milligrams of the deposit w'ere sufficient to give 
strongly positive murexid and phosphotungstic acid tests foi uric acid 
Hence the deposits w'ere laigel} made up of salts of uric acid instead 
of calcium as seemed likely I found no eMdence of extensive deposits 
of calcium salts m any of the tissues examined, although the ash con- 
tent of the muscle and liver w'as somew'hat highei than that given b\ 
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Albu and Neuberg^*’ (1906) The trachea also shows a high calcium 
content, but these excesses do not account for the large quantity of 
calcium hbeiated from the bones 

In view of these findings and the published reports of balance 
experiments on multiple myeloma, it seems probable that the calcium 
liberated in the destruction of bone tissue is rapidly and in a large part 
excreted from the body and, in relatively small amounts only, is 
deposited in other parts of the body 

16 Albu, A, and Neuberg, C Physiologic und Pathologic dcs Mincral- 
tostoffwcchscls, Berlin, J Springer, 1906 
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Although one of the laiei pathologic lesions, the pi unary idiopathic 
splenomegaly of Gauchei has been the subject of considerable discus- 
sion This has centered more particularly around the cytogenesis of 
the charactei istic laige lound to oval or polygonal single or multi- 
nucleated cells, which compiise the bulk of the splenic tissue and account 
for the splenic enlargement Since the oiigmal neoplastic conception of 
the nature of these cells was leplaced by that of a hypeiplasia, there 
have grown up two schools, one tracing their origin to the endothelial 
lining of the venous sinuses, the other to the leticular tissue of the pulp 
The former view has been suppoited by Bovaird, Downes, Wilson, and 
otheis, the lattei by Schlagenhaufer, Risel, De Jong and Van Hetikelom, 
etc A few have expressed the opinion that these cells may arise from 
either source 

Mandelbaum,^ in 1912, called attention to the fact that up until then 
no one had shown any transitional stages m the development of these 
cells, eithei from the endothelium of the venous sinuses or from the 
reticulai cells of the splenic pulp Such changes, howevei, he stated, 
could be demonstrated in the lymph nodes wheie the process was not so 
far advanced, and here a reticular oiigin was suggested In latei 
papeis,- appealing in 1916 and 1919, he expanded this idea, and con- 
sidei ed it evident that a similar development occui i ed in the spleen , 
and, since theie was a free communication of the sinuses with the pulp, 
It seemed possible that most of the free Gauchei cells within the sinuses 
had come fiom the surrounding pulp and weie derivatives of the 
leticulum He stated, however, that in all cases which he had examined, 
the process in the spleen was too fai advanced to peimit of exact deter- 
mination as m the lymph nodes, and that thei e was no positive evidence 

* From the Pathological Institute of McGill University and the Royal 
Victoria Hospital 

1 Mandelbaum, F S A Contribution to the Pathology of Primary 
Splenomegaly (Gaucher Type), with the Report of an Autopsy on a Male Child 
Four and One Half Years of Age, J Exper Med 16 797, 1912 

2 Mandlebaum, F S , and Downey, Hal Histopathology and Biology of 
Gaucher’s Disease (Large-Cell Splenomegaly), Folia hematol 20 139, Arch 
3 , 1916 Mandlebaum, F S Two Cases of Gaucher’s Disease m Adults A 
Study of the Histopathology, Biology and Chemical Findings, Am J M Sc 
147 366 (March) 1919 
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in the spleen that the endothelium of the sinuses did not take part in the 
formation of laige cells, and that the possible origin from this source 
could not be denied 

The extraordinary opportunity for throwing light on this problem 
that would be offered by the examination of a spleen in which the lesion 
was not far advanced has, therefore, been generally recognized for some 
time Such an oigan was recently removed at the Royal Victoria Hos- 
pital Both clinical history and pathologic examination indicated that 
the process was comparatively early Consequently, at the suggestion 
and under the supervision of Professor Oertel, we carried on detailed 
histologic studies of the tissue The results have been very instructive 
and give us a much clearei conception of this unique condition than has 
previously existed 

REPORT OF C^SE 

Histoiy — S C, a Hebrew girl, aged 5 years, has always been apparently 
a comparatively healthy child Two years before, she had scarlet fever, and 
at that time her physician noted that the spleen was abnormally large It did 
not decrease in size on recovery About a year later, she was examined again, 
and it was found that the spleen had enlarged quite rapidly since her illness 
Subsequent examination, a few days prior to admission, showed that pro- 
gressive enlargement had occurred At this time, the liver extended three 
finger breadths below the costal margin, there was a somewhat sallow color 
with malar flush, and a fluctuating pulse was present The child had felt per- 
fectly well, never complained, played with the other children and enjoj'ed a 
good appetite The condition was considered surgical and the patient was 
admitted to the Royal Victoria Hospital, service of Dr George E Armstrong, 
April 11, 1922 

The family history was negative The father and mother were well There 
was a son older and a daughter younger than the patient, both apparently 
normal and healthy 

Examination — The patient was well developed and well nourished and 
apparently of stated age The contour of the body was normal except for a 
somewhat enlarged pendulous abdomen, which was moderately tense The 
skin was sallow, and there was no appreciable darkening of the skin of the 
face and hands The mucous membranes appeared normal There was no 
cyanosis, edema or ascites The pupils were equal and reacted actively to light 
and in accommodation There was no wedge-shaped thickening of the con- 
junctivae The temperature was 98 F , pulse, 110, respiration, 20 

Examination of the Ij^mphatic system revealed no pathologic enlargement of 
the glands The respiratory system was negative The pulse was somewhat 
irregular, rapid (110) and of good volume and fair tension The heart showed 
slight enlargement to the left There were no adventitious sounds The blood 
picture show'ed leukopenia with relative lymphocytosis, but was otherwise 
normal The abdomen was large, somewhat firm and pot-shaped On palpa- 
tion, there was no muscular rigidity, but a certain resistance The liver extended 
3 finger breadths below the costal margin It was not tender, and the surface 
and edge were smooth The spleen was easily palpated and extended well 
below' the umbilicus on the left side, passing to the right of the midline at its 
low'er pole Here, a definite notch could be felt There was no evidence of anv 
other palpable mass in the abdominal cavity, or any localized area of tender- 
ness The nervous, locomotor-mtegumentarj' and genito-urinary systems w'ere 
negatne 
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Opciatiou — Splenectomj' was performed, April 13, b}" Dr Armstrong The 
patient had an uneventful recover}, and ^^as discharged, April 28, showing 
impro\ement in color, and a suggestion of diminution in size of the liver 

Geucial Pathologic Anatomy and Histology — ^The spleen sho^^ed a uniform 
enlargement and preserved the usual shape, except for numerous notches It 
weighed 345 gm and measured 16 b} 9 b} 4 5 cm It appeared solid, but not 
firm in the sense of a fibrosis The capsule was thin and smooth, wrinkled on 
bending the organ, and stripped w'lth ease Scattered over the surface were 
numerous pm-point gelatinous darker spots On section, the cut surface 
appeared pale brick red and pulp} , and dripped a little blood The trabeculae 
w’ere not prominent, and there was no evidence of fibrosis Scattered through- 
out the cut surface were small round discrete, pin-head sized points, pale and 
gelatinous, which resembled am}loid malpighian corpuscles The splenic 
Aessels could not be made out 

Sections, cut \er} thin and stained b} the routine hematox}lineosin method, 
were first examined for general information, such as histologic arrangement, 
etc The capsule showed nothing abnormal, and there was no evidence of any 
thickening The trabeculae were seen springing from the inner side of the 
capsule in the usual wa} and dniding the splenic tissue into compartments 
Both capsule and trabeculae show ed the usual structure, fibrous connectn e 
tissue interspersed with a rariable amount of smooth muscle cells 

The striking feature, as seen under low magnification, was the almost com- 
plete replacement of the pulp by aheolar spaces of various size and shape 
which contained the t}pical large, clear cells characteristic of Gaucher’s disease 
Alan} of these alveoli were lined b} a la}er of the Gaucher cells and contained 
free cells within the lumen Others contained comparatneh few' of these cells, 
but were filled with er}throc}tes While a great man}, the majorit} perhaps, 
were complete!} filled b} these large cells and appeared as solid masses or 
cords Thus, also, neighboring aheoli coalesced and w'ere distorted into \ary- 
ing shapes Such aheoli, filled or parth filled in var}ing degrees with large 
pale-staming cells, dominated the picture and made up by far the greater part 
of the splenic substance The small amount of normal splenic pulp w'hich 
remained was compressed into narrow strands and small triangular masses 
between these closely packed distended aheoli 

The aheoli of Gaucher cells showed great differences m size and shape 
(compare examination of serial sections below ) Furthermore, their arrange- 
ment was most striking Peripheral!}, under the capsule, they were for the 
most part large and looseh approximated, w ith little interah eolar substance As 
one passed inward, howe\er, they became more irregular in size and shape, and 
interpolated between them was a gradually increasing amount of unmvohed 
pulp Finall}, one approached irregular larger and smaller districts in w'hich 
the large aheolar arrangement was in a great measure lost, and the Gaucher 
cells la} in groups and clusters These districts of less in\ohed splenic sub- 
stance Aaried in size from a merely microscopic area to quite large territories 
They were irregular!} scattered throughout the bulk of the organ but neier 
approached the capsulated surface The} are not to be confused w'lth the mal- 
pighian corpuscles or isolated hmphoid follicles The former appeared to be 
reduced in number, their ^essels intact but with a sw'ollen and protruding 
endothelial lining The arrangement of the alveoli about the corpuscles was 
likewnse peculiar Instead of the lymphoid mantle forming a slee\e for the 
arter}, it w'as more often eccentric and one side of the arter} was relative!} or 
complete!} free of I}Tnphoid cells Here, however, w'ere seen small clusters 
of Gaucher cells Avhich assumed a more aheolar arrangement as one drew' aw a}' 
from the vessel Some arteries were completely deioid of em eloping lymphoid 
tissue and w-ere surrounded on all sides b}, at first ver} small, then graduall} 
larger, groups of Gaucher cells, until finally large acini w'ere encountered No 
Gaucher cells were found deeph w'lthm the corpuscle, but at its peripher}' 
occasional single or small clusters of these cells could be seen The isolated 
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lymphoid areas with large pale staining so-called germinal centers were 
numerous Around them, the arrangement was variable Often, large alveoli 
pressed directly against the periphery of the lymphoid tissue, while m other 
places there were smaller and larger clusters of the Gaucher cells 

The alveolar spaces were inclosed by sinus walls which were composed of a 
basement membrane of endothelium and a very thin stroma of fibrous tissue 
But the condition of the walls varied greatly with the advance of the process 
If we commenced with an alveolus in which there was no actual distension of 
the wall by accumulated cells, it was found that the wall was well lined by 
endothelial cells These cells had a faintly acidophilic cytoplasm and nuclei 
which were elongated and flattened and possessed rounded ends (typically 
endothelial) They did not tend to bulge into the lumen Some of these cells 
showed a considerable variation m structure and staining affinity The nucleus 
might stain deeply and the chromatin was then uniformly distributed In 
others, the nucleus appeared swollen with the chromatin arranged m vesicular 
manner The fibrous stroma of the wall acted as a supporting framework and 
as an intercellular substance for the endothelial cells It consisted of very fine 
fibrils interlaced m various directions In other, generally larger, alveoli the 
endothelial cells appeared stretched, compressed, flattened and atrophic, the 
nuclei were elongated and thinned, and stained deeply Compared with these 
were sinuses in which the lining endothelial cells appeared larger than usual 
Their cytoplasm was acidophilic (hematoxylm-eosm) , their nuclei were swollen, 
elongated, oval and vesicular, and their chromatin was clumpy and was clearlj 
aggregated to the nuclear membrane Still others were in places devoid of 
endothelium, and the denuded fibrous connective tissue cells which were 
stretched remained clear between the Gaucher cells and the interalveolar 
capillaries 

About some alveoli, the sinus wall formed a complete circle, while m others 
It was incomplete and straits of communication between neighboring aheoh 
were to be observed This was particularly the case m the areas described above 
where the alveoli were smaller and more irregular 

The alveoli were made up for the most part of the typical Gaucher cells 
Their number within a sinus varied greatly, from a comparatively few, to those 
filling the sinus completely In some alveoli these cells appeared distinct from 
the endothelial cells of the sinus wall In others, they were attached imme- 
diately to the wall and no normal endothelium was seen In selected sections, 
where the process was not too far advanced, the Gaucher cells appeared con- 
tinuous with endothelial cells of the sinus wall and were definitely attached to 
them without any line of demarcation Other areas showed the cells attached 
to the wall by a pedicle, having a broad base and a thin fibrillar stalk Some 
were single, while others were united by processes to other cells which 
projected into the lumen as irregular masses Many of the Gaucher cells lay 
free m the sinuses, singly and m clumps In many instances, they lined the 
sinus wall m a single layer, m others, there were several layers in varying 
degrees conforming to the shape of the sinus Many were united in syncytial 
manner, with irregular spaces between them Finally, there were completely 
filled sinuses which appeared as solid masses or cords In many of these, the 
lining wall which separated the individual sinuses had disappeared, and thus 
larger cell aggregates were formed 

Blood was present m a considerable number of the sinuses, and more par- 
ticularly in those which were large, and had a central lumen and a nariow 
margin of Gaucher cells The erythroc3'tes were often closely adherent to these 
cells, and m those sinuses in which there was a syncytial arrangement, blood 
cells lay m the small spaces between the Gaucher cells 

Individually, the Gaucher cells varied greatlj'- in size and shape (from 20 
to 50 microns and even larger) The shape depended largely on whether the 
cell was free, in clumps or in large masses The free cells appeared rounded 
or spherical, while if compressed in masses the shape became altered, usually 




Fig 1 — Canitra luLida drawing oi pornabciilat district, showing stages in 
differentiation ot Gaucher cells 



Fig 2 —Camera Incida drawing, showing chffeientiation of endothelium 
lining a sinus 
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pohhedral In other places, the outline of the cells could not be made out, 
but blended as a sjncjtium Manj had branching processes, which might be 
compared in appearance to the dendrites of ner\e cells 

These cells stained with difficult} Their cjtoplasm was acidophilic, pale, 
swollen, turgid, \esicular and irregular!}'' \acuolated It had a fibnllated 
appearance, w ith i eri fine fibrils running m all directions, thus forming an 
irregular meshwork Alam cells appeared to be fineh granular The cytoplasm 
had a hone} combed appearance, a spong} network in which the paraplasmic 
fibers appeared to ha\e taken up the stain and inclosed m their meshes a 
homogeneous unstained substance In some cells, particular!} m those near 
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Fig 3 — Diagrammatic scheme of c}togenesis of Gaucher cell 

the endothelial lining of the sinus the c}toplasm stained much more deeph It 
was acidophilic, with a purple tinge appeared more homogeneous and more fineh 
granular and evhibited smaller and less irregular!} shaped ^acuoles Cen- 
tralh, the cells were paler, more \acuolated and with indefinite irregular 
margins jMaii} of the cells were multmucleated, as man} as se%en nuclei being 
seen in a single cell Frequent!}, there was onl} one The nuclei were small 
as compared with the size of the cell and \aried in position, many being eccen- 
trical!} placed The} were iisualh round or oval, but were sometimes dis- 
torted, especially m the free cells The nuclear membrane was prominent, and 
there was usuall} one or more nucleoli, or clumps of chromatin material The 
majont} of the nuclei appeared swollen, turgid and %esicular, with clumps and 
strands of chromatin material irregular!} distributed o\er a \er} fine fibrillar 
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meshwork In man}', the chromatic material tended to be aggregated more 
densely around the periphery, thus giving the nucleus a darker rim with a 
paler center In general, it may be said that the cells in small groups and 
those which lay at the periphery of large alveoli stained more deeply as regards 
both their cytoplasm and their nucleus, while the central cells of large alveoli 
were paler, swollen, washed-out in appearance and more often fused into 
multmucleated syncytia Many of these larger cells contained in their cyto- 
plasm a finely granular yellowish pigment 

Cytology and Cytogcnesis of the Ganchci Cells — Frozen sections were pre- 
pared from the spleen and the following special staining reactions carried out 
(a) For fats by the sudan III and Nile blue reactions No evidence for the 
presence of any fatty or lipoid substances could be seen in the Gaucher cells 
Unstained sections were examined also with the polarizing microscope, but no 
anisotropic bodies were made out This result is in contrast with the findings 
of Wahl and Richardson,^ who report anisotropic bodies in many of the large 
cells in their case, and positive staining reactions for lipoids 

(i) For amyloid with methyl-violet and acetic acid, and also with lodin 
and sulphuric acid No trace of am}loid degeneration was found 

(c) For oxydase by the methods of Schultz and Mcjunkin-Charlton The 
Gaucher cells were negative, while the neutrophilic and eosinophilic granular 
cells scattered throughout the tissue contained dark blue granules which caused 
them to stand out prominently 

Sections were examined in series particularly with the view of tracing the 
boundaries and relations of individual sinuses It was found that, although 
they varied greatly m size, nevertheless many of the apparently small sinuses 
which contained but a few Gaucher cells were m reality but sections of large 
ones depending on the plane of cutting Moreover, while the wall of a sinus 
might appear complete in one section, examined in series, it was found to have 
numerous apertures in which the endothelium and stroma were deficient and 
by which communications between sinuses themselves and sinuses and pulp 
were established 

Moreover, serial sections revealed the fact that, although many of the 
Gaucher cells appeared free m the sinuses, actually few if any were really 
unattached In large dilated sinuses filled with blood and lined by a single 
layer of Gaucher cells which rested directly on the basement membrane and 
were often separated by endothelial cells, one could demonstrate that any 
apparently free cells were portions of finger-1 ike projections extending into 
the lumen from the cells which lined the wall These projections were often 
quite long, made up of several, often multmucleated cells, and swung as long 
tongues within the sinus 

In order to bring out in greater detail the acidophilic and basophilic staining 
qualities of the cells, tissue which had been fixed in Orth’s solution was sec- 
tioned and stained by Pappenheim’s method By careful differentiation, the 
exact point at which these cell characteristics were most definitely shown was 
ascertained These sections were cut especially thin and mounted in neutral 
balsam 

Stained by this method, the Gaucher cells were definitely oxyphilic The 
nucleus was a pale blue, sometimes almost invisible in the mature cells , while 
the cytoplasm was a yellowish pink and contained a slightly deeper staining, 
also yellowish pink spongioplastic network Interesting, however, is the fact 
that transitional stages up to this mature cell were seen These were espe- 
cially pronounced about blood vessels which were devoid of any lymphoid 
mantel Here, one found in the adventitia groups of cells interpolated between 
its fibrous tissue These lay in chains made up of two, three or even more cells 
and running longitudinally in the vessel wall These cells were medium-sized, 

3 Wahl, H R, and Richardson, ML A Study of the Lipin Content of 
a Case of Gaucher’s Disease in an Infant, Arch Int Med 17 238 (Feb ) 1916 
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poljgonal, often with flattened edges Their C 3 toplasm was scantj^ nairow 
and basophilic, their nucleus was rclativel)' laige and slightlj' ii regular in 
outline to fit the shape of the cell, with reticulai ariangeinent of the blue stain- 
ing chiomatin, which was aggregated into one, often more, nucleolus These 
cells appeared to rise from othei more definitely spindle-shaped, starlike 
cells which corresponded to the adventitial cells of Marchand Cells showing 
transitional stages between the two weie frequent 

Moreover, if one examined several of the cell strands desciibed above, it 
was obvious that as one drew away into the perithelial tissue, the cell groups 
became larger until double rows of closely appioximatcd cells appeared, and 
finally even ii regular clusters The majoiity of the cells of these groups 
remained at the same stage of differentiation, but one or two as a rule took on 
new qualities They became larger as legaids both cytoplasm and nucleus 



Fig 4 — Photomicrograph showing large dilated sinuses lined by Gaucher 
cells (Photo by Mi Thomlinson) 

The former was bioad and nongranular, and stained predominantly blue, 
though there was a suggestion of pink mixed in, the lattei was large, ovoid, 
vesicular, with a tendency for the chromatin to clump near the nuclear mem- 
brane The cell at this stage strikingl)'^ resembled the embryonic myeloid cells 
(myeloblasts, leukoblasts) which are found in clusters m hj'perplastic bone 
marrow 

In the irregular clusters of cells which lay between the strands and the more 
or less completely former alveoli of typical Gaucher cells, the transition between 
the myeloid-like cell described above and the Gauchei cell was completed At 
the same time, others of the more embij'onic cells in the strand took on 
mj'eloid differentiation Thus irregular clusters of mj^eloid cells appeared 
here, which contained an occasional cell, larger and possessing a bioader and 
more oxyphilic cytoplasm It had lost its preponderance of blue and now was 
pink with but a tinge of blue Moreover, the nucleus had become much larger, 
less clearly defined and often lobated to a degree, though not exactly poly- 
morphous It still showed clumps of peripherally arranged chiomatin Fiom 
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this point, it was but a step to the typical Gaucher cell, the cell broadened, 
appeared flatter and lost its basophilic qualities completely, that of the nucleus 
being the last to go 

Although the process has been described in graded steps, this gradual 
transition from the smaller basophilic undifferentiated cell to the large 
oxyphilic, highly differentiated cell of Gaucher occurs in reality through fluid 
stages Mitotic figures are scarce, but occasionally occur in the smaller, less 
differentiated cells of the strands Interesting is the fact that here and there 
among the irregular clusters of myeloid-like cells, cells with eosinophilic 
granules were present These, as in the bone marrow, were of two varieties, 
one having a rather large vesicular paler-staming nucleus which tended to 
polymorphism, and the other having a smaller more diffusely staining nucleus 
which remained in the m 3 'eloci'te stage Furthermore, occasionally though 
much more rarely, mononuclear cells with neutrophilic granules were observed 
Both of these granular cells, together with mast cells, were preserved even in 
the large alveoli, where thej' lay appaiently more or less crowded between the 
large, fully differentiated Gaucher cells 

The characteristic transition described above, however, was not limited to 
the perithelial areas of the larger and smaller arterioles It was also evidenf 
m the endothelium lining the venous sinuses Small sinuses could he seen in 
the less involved areas which were lined by large endothelial cells, protruding 
more or less into the lumen and showing the same alterations m size and varying 
degrees of ox 3 'philia described above Furthermore, in the large alveoli filled 
with Gaucher cells very often the lining endothelium remained, showing the 
same progressive transition Actual transition of the pulp cells to Gaucher cells 
could not be made out Small irregular clusters of Gaucher cells could be seen 
which appeared in no apparent definite relation, to either the vessels or the 
sinus walls , but the same transitional stages were not observed in these clusters 

COMMENT 

In a discussion of the histogenesis and nature of this inteiesting 
condition, it hardly seems necessary heie to go into the detail as to the 
various views brought forward by different authors They have been 
reviewed recently by Barat * The original neoplastic conception has 
been quite generally discarded and recent study has concerned itself with 
the pros and cons of an endothelial or reticular origin of the character- 
istic cells The facts associated with the argument are quite generally 
known as they have been gone over by numerous authors The possible 
relation of the disease to the lipemias and cholesterm metabolism has 
been ably reviewed by Eppinger ® 

There is one general outstanding feature of Gaucher’s disease which 
appears to have been submerged somewhat in the detailed study of the 
cells themselves, and that is, that it is a disease of the hematopoietic 
system Only those organs are iiwolved which possess hematopoietic 
activity They include primarily the bone marrow, spleen and lymph 
glands , and secondarily, other slumbering myelopotent areas in the liver, 
suprarenal, etc They possess m common, and together constitute, the 

4 Barat, Irene Zur Histopathologic der grosszelligen Splenomegalie 
Typus Gaucher, Folia hematol 26 , Arch 3 (April) 1921 

5 Eppinger, H Die Hepato-lienalen Erkrankungen, Berlin, Julius 
Springer, 1920 
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gieat bulk of the i eticulo-endothelial tissue of the body The intimate 
1 elation of this tissue, oi hettei, reticulo-endothelial system, to blood 
foimation is now well lecognized It would appeal, theiefoie, at the 
stait, fiom the location of the lesion, that it is i elated to some type of 
hematopoietic activity Moieovei, its racial, familial and congenital 
nature suggests a condition which eithei exists deep within the organic 
constitution of the individual, oi is concerned with the earlier develop- 
ment in still emhiyomc piocesses Last, not least, the obvious oiigin 
and development of the specific Gauchei cells from endothelial and 
perithelial paient cells, as shown b}'^ this eaily case, is m agieenient with 
this conception Sabin and otheis have demonstiated an eaily emhi3'’onic 
oiigin of the blood cells fiom these, and only these, souices Moreover, 
in extra-uteiine life, as Grunei puts it, it is the slumheiing peiivascular 
adventitial cells that acquiie, by an upset of equilibrium, eithei lympho- 
blastic or myeloblastic tendencies 

If these consideiations of the geneial natuie of the disease, its loca- 
tion and the oiigin of the cells point to a hematopoietic lesion, let us 
fuither examine the evidence by the cytogenetic changes in the cells 
themselves The natuie of the tiansition fiom the adventitial cells of 
the arteiioles and the endothelial lining cells of the sinuses is at first 
essentially that of m}eloid metaplasia The laige cells with basophilic 
c}toplasm and laige ovoid \esiculai nuclei, coriespond to the piimoidial 
myelopotent blood cell (the m}eloblast of Naegeli, the lymphoidocyte of 
Pappenheim) From these, owing to deposition of paiaplasm m the 
inteispongioplastic network, there occurs a giadually inci easing oxy- 
philia which leads the cytoplasm of the cell by stages to the jiomt of 
granule foimation Coincidentally, the nucleus displays typical clumping 
of the chromatin away fiom the paiachiomatm, in contiast to the less 
diffei entiated cell, wheie a fine network exists Moieovei, many of the 
nuclei exhibit a tendency to lobation, which is chaiacteiistic of develop- 
ing myeloblasts Unfoitunately, m sectioned tissue that has been fixed 
and haidened, these changes cannot be obseived with the piecision 
chai actenstic of obseivations on blood smeais, but the coarse changes 
aie obvious and are stiikingly similai to the myeloid changes obseived 
in any hypei plastic leukogenetic bone maiiow The absence of oxydase 
111 these developing cells might appeal a Strong aigument against their 
myeloid natuie, but it is a fact that such cells do not give the oxydase 
leaction in tissue sections undei vaiious ciicumstances, until they have 
attained a highei degiee of difteientiation This was veiv manifest m 
sections from a case of subleukemic sarcoid myelosis which we lecently 
examined Here, laige aieas of myeloid metaplasia weie quite free 
fiom oxydase, while otheis gave veiy stiong positive reactions Its 
piesence under pathologic conditions is, therefore, vaiiable 
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Appi caching now the stage of granule formation within the cyto- 
plasm of the cells, there occurs a notable deviation from normal 
myelopoiesis The vast majority of the cells at this stage undergo a 
peculiar type of swelling associated with a diffuse oxyphilic transfoima- 
tion, involving first the cytoplasm and ultimately the whole cell Thus, 
they acquire the typical Gaucher cell characteristics No true granules 
are formed, though the whole c)toplasm assumes a granular-hke com- 
position The piesence of eosinophilic granular myelocytes closely asso- 
ciated with the other cells suggests the possibility that, as regards this 
particular line, the progress of cell development is regular Further- 
more, occasional neutrophilic and basophilic granular mononuclear cells 
are observed 

As to the exact physicochemical nature of the oxyphilic change, 
little can be said Neither the idea of protoplasmic hypertiophy nor of 
albuminous deposition adds a great deal to oui conception, and we 
should be inclined to look on it as an excessive continuation or perver- 
sion of the usual matuiative activities that result in the discharge of 
acidophilic, broken-down products into the cell body 

Such a conception of perverse myelopoiesis, or dysmyeloplasia, is 
not without support fiom previously leported cases of the disease If, 
with this conception in mind, we review the descriptions of various 
authors of their cases, we are struck by the number of otherwise unex- 
plained facts that fit in with it For example, in the case recently 
(1921) reported by Foot and Ladd,® attention is called to the acidophilic 
and hypertrophic condition of the adventitial cells of the smaller arteries 
In the case described by Babes, Aurel and Babes (1913),^ there is an 
extraordinary tendency to eosinophiha, theie being not only many 
eosinophile polymorphonucleai s present, but eosinophilic gianulation of 
the large cells themselves Mandlebaum,^ in 1912, called attention to the 
eosinophil and neutrophil myelocytes in the involved lymph nodes In 
the case reported by Mandlebaum and Downey,^ in 1916, it is stated that 
the Gaucher cells are “particularly numerous just beyond the wall of the 
larger veins or within their adventitial coat,” where these writeis con- 
sider that they arise from connective tissue 

Moreover, the conception is not without support fiom other some- 
what allied conditions In myeloid metaplasia of the spleen, as Naegeli ® 
and Pappenheim emphasize, the process takes origin from the perivas- 
cular connective tissue, moie particularly from the slumbering clasmato- 
cytes, which under specific irritation prohfeiate and differentiate to form 

6 Foot, N C , and Ladd, W E Report of a Case of Gaucher’s 
Splenomegaly, Am J Dis Child 21 426 (May) 1921 

7 Babes, V , Aurel, and Babes, A Un cas de maladie de Gaucher avec 
grandes cellules eosmophiles, Compt rend Soc de Biol, No 36, p 575, 1913 

8 Naegeli, O Blutkrankheiten und Blutdiagnostik, Berlin, Julius Springer, 

1923 
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at first embryonic and then more mature myeloid cells The lymphoid 
areas are not involved p>rimarily bat are broaght to atropht' eventually 
bv the pressure on their periphery' of the myeloblastic cells In the 
Ir.er. the initial seat of the transformation is the region of the hver 
capiilanes The general similarity' of the tvro processes is striking 
Xoiev-'orthy. also, though possibly v'lth slight significanccj is the fact 
that mbercuxosis is by far the most commonh- associated disease in both 
the myeloid leukemias and pnman.' splenomegalies 

The ver- shght morphologic changes in. and the relatively normal 
appearance of. the circulating blood in Gaucher's disease might at first 
be considered as a strong arg-ument against the hematopoietic conception 
Hovverer. one must bear in mind that, as in the usual myeloid meta- 


plasias not the v.'hole hematopoietic system is invoked at once but that 
the spleen, v/hich is phylogeneticaliy and ontogenetically the last of the 
blood-forming- organs to giie up its active 'olood-cell formation is again 
the first to res'ume acti^'ir'. ano is foliov/ed later hy the others The 
bone marrovT ma} continue for some time uninyoked Furthermore 
yy e are as yet qu te ignorant of the factors vrhich determine yvhether a 
pathologic cynoplasia shall remain aleu'uemic or become leukemic The=e 
factors it yvoald appear, act more or less independently of the primary* 
pathologic process Thus the sudden transition from aleukemic to 
leukemic conditions, as in lympuadenosis is not attributable to any 
sudden change in the nature of the original lesions but rather to some 
alteration of controlling influences. Thus also a normal blood picture 
is present in many diseases of the hematopoietic organs as for example 
in malrip'e myelo'na Here, yye deal vnth a systemic disease of the bone 
marroyy itself, yyith normal am a'bnormal types of myeloid prohferation 
a-d still the 'd'ooi picture remains unaffected. Hence, may vre not hare 
quite as readily in flaucher's disease a normal and peryerse myelopoiesis 
proceeding coircrdently in separate organs yvithout apparent alteration 
of the circulating 'oloodr 


Therefore from the husto'ogic studies of this early case, coupled 
yyith a revieyy of prey'iously reported cases and a consideration of allied 
cond-tions 've are inchned to the vieyv t'tiat the splenomegaly of Gaucher 
is essennaily a primarq*. probably congenital progressive systemic disease 
of the hematopoietic tissues, characterized by an aleu'kemic dy smy elosis ; 
that IS an irreg'uiar peryerse myeloid metaplasia The cells arise from 
tne slumbenrg mu eiopotent cehs of the reticulo-endothelial tissue of the 
hematopo'etic organs These are principally, and at first the ady'entitial 
cells of the blood channels and the e-ndothehum of the sinuses. Possibly, 
later, the closely related retict'lum also takes on a similar activity' As 
to Its etiology*, little can be said. Its true cause as that of other ale'u- 
“'em c and le'ukemic so-called blood diseases ayvaits an explanation in a 
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clearer understanding of the finer details of embryonic and postnatal 
hematopoiesis, which is quite beyond the bounds of our present knowl- 
edge However, its racial, familial, sexual and congenital characteristics, 
and its connection with the hematopoietic system, indicative of a deep- 
seated plasmic alteration, make the conception of Naegeh that it is a 
constitutional anomaly, that is, a mutation in the human species, worthy 
of consideration 



EXPERIMENTAL CHRONIC GLOMERULONEPHRITIS 

LOUIS LETTER, MD 

CHICAGO 

In recent years, the problem of chronic nephritis has become, to 
some extent, restricted to the question of chronic glomerulonephritis 
This type of kidney disease is almost undoubtedly of toxic or infectious 
origin, and, therefore, some measure of prophylactic treatment should 
be possible With human material, obtained at necropsy, it is extremely 
difficult to trace the origin and development of this progressive nephritis, 
chiefly because, at different stages, the kidney presents various gross 
and microscopic appearances, seemingly distinct conditions, hence, the 
origin of the numerous classifications seen in clinical and pathologic 
descriptions Were it possible to reproduce experimentally in one of 
the lower animals a condition in the kidneys -simulating the chronic 
glomerulonephritis seen in man, a vast field of useful study would at 
once be opened, and great progress would be made in our knowledge 
of an extremely common and serious pathologic entity 

I REVIEW OF THE LITERATURE 

A review of the literature on chronic glomerulonephritis presents 
at once a difficult and disconcerting problem It is impossible to avoid 
frequent reference to the extensive work on the production of experi- 
mental acute nephritis, because in many instances the same measures 
employed to cause acute changes have been tried with a view to effecting 
more lasting, or chronic, injury Furthermore, throughout the earner 
literature there is found but rarely any attempt to distinguish between 
chronic glomerulonephritis and chronic nephritis, the latter term being 
used to denote anything in the way of degenerative or inflammatoiy 
conditions which present the appearance of a chronic process It is 
obvious, then, that even a careful review of the literature will still lea\ e 
considerable confusion in the mind of the reader No attempt has been 
made here to include ever5dhing that has been written or done on the 
problem of experimental chronic glomerulonephritis What has been 
hoped for in the distillation and condensation of the mass of written 
matter is an arrnal at a simple, clear and honest criticism in the light 
of present knowledge, for the benefit of future workers in this field 

* This work was earned out m the John McCormick Institute for Infectious 
Diseases while the author was a Medical Fellow of the National Research 
Council in the Department of Pathology, Unnersity of Chicago, and Medical 
Resident at the Cook County Hospital, Chicago The author is deepl}"^ grateful 
to Professor Ludwig Hektoen for extending all the privileges and facilities of 
the Institute 
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The early studies on experimental acute nephritis brought out the 
interesting fact that some poisons injure the tubulai epithelium severely, 
while others attack the glomerulai capillary endothelium Among the 
former poisons are uranium nitrate, potassium chromate and corrosive 
sublimate, while arsenic, canthandin and snake venom belong to the 
latter gioup Diphtheria toxin affects both glomeruli and tubules to 
neaily an equal extent In the Harvey Lecture of 1910, Pearce^ 
reviewed the early work, and pointed out that the different types of 
nephiitis pioduced by means of these poisons were probably due to 
injury at different points of elimination He insisted, however, that 
the distinction between so-called “tubular” and “vascular” poisons was 
not an absolute one, for ahcady in 1907 Schlayer and his co-workers 
had shown, by physiologic methods, that the action of these poisons 
was more diffuse and less select than had been supposed For example, 
in the late stages of uianium nephritis, a distinct disturbance in tbe 
vascular response was noted Yet uianmm was considered a good 
“tubular” poison No one at present disputes the fact that one cannot 
injure the gloineiuli seriously without simultaneously or subsequent!} 
damaging the tubules, and vice versa 

After these early experiences Avith acute nephritis, the above- 
mentioned poisons were used m the attempts to obtain a chronic 
nephritis In 1904, Pearce tells us, Lyon tiled canthandin, corrosive 
sublimate and diphtheria toxin, known glomerular poisons He found 
that the acute lesions disappeared rapidly and often recovery ensued 
As Pearce states, if one includes m the term “chronic nephritis” a per- 
sistent kidney lesion characterized during life by elimination of albumin 
and casts, and histologically by changes involving glomeruli, tubules and 
connective tissue, nearly all experimental efforts can be excluded It 
will be seen later how true this statement is 

Ophuls,’ m 1907, reported on the effects of administration of lead 
salts by mouth m increasing doses ovei long periods of time Guinea- 
pigs and dogs were used Because of the anemia produced by the lead, 
it was difficult t-" keep the animals alive long The guinea-pigs showed 
relatively ummpoitant renal changes In dogs, marked chronic inter- 
stitial nephritis was found, yet there was no albuminuiia nor cylmdruria 
Arteriosclerosis was not seen, and a true glomei ulonephritis was not 
present 

Perhaps the poison most commonly employed in connection with 
experimental chronic nephritis was uranium nitiate In 1909, Dickson ® 

1 Pearce, R M Problems of Experimental Nephritis, Arch Int Med 5 
133 (Feb) 1910 

2 Ophuls, W Experimental Chronic Nephritis, J A M A 48 483 (Feb 
9) 1907 

3 Dickson, E C Experimental Production of Chronic Nephritis m Ani- 
mals by the Use of Uranium Nitrate, Arch Int Med 3 375 (June) 1909 
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The early studies on experimental acute nephritis brought out the 
interesting fact that some poisons injure the tubulai epithelium severely, 
while others attack the glomerular capillary endothelium Among the 
former poisons are uianium nitrate, potassium chromate and corrosive 
sublimate, while arsenic, canthandin and snake venom belong to the 
latter group Diphtheria toxin affects both glomeruli and tubules to 
nearly an equal extent In the Harvey Lecture of 1910, Pearce^ 
reviewed the early work, and pointed out that the different types of 
nephritis pioduced by means of these poisons were probably due to 
injuiy at different points of elimination He insisted, however, that 
the distinction between so-called “tubular” and “vascular” poisons was 
not an absolute one, for alrcad> in 1907 Schlayer and his co-workers 
had shown, by physiologic methods, that the action of these poisons 
was more diffuse and less select than had been supposed For example, 
in the late stages of uranium nephritis, a distinct disturbance in the 
vascular response was noted Yet uranium was considered a good 
“tubular” poison No one at present disputes the fact that one cannot 
injure the glomeruli seiiously without simultaneously or subsequently 
damaging the tubules, and vice versa 

After these early experiences with acute nephritis, the above- 
mentioned poisons were used in the attempts to obtain a chronic 
nephritis In 1904, Pearce tells us, Lyon tried canthandin, corrosive 
sublimate and diphtheria toxin, known glomerular poisons He found 
that the acute lesions disappeared rapidly and often recovery ensued 
As Pearce states, if one includes in the term “chronic nephritis” a per- 
sistent kidney lesion characterized during life by elimination of albumin 
and casts, and histologically by changes involving glomeruli, tubules and 
connective tissue, nearly all experimental efforts can be excluded It 
will be seen later how true this statement is 

Ophuls,- in 1907, reported on the effects of administration of lead 
salts by mouth in increasing doses ovei long periods of time Guinea- 
pigs and dogs were used Because of the anemia produced by the lead, 
it was difficult t"" keep the animals alive long The guinea-pigs showed 
relatively unimportant renal changes In dogs, marked chronic inter- 
stitial nephritis was found, yet there was no albuminuria nor cylindruna 
Arteriosclerosis was not seen, and a true glomeiulonephritis was not 
pi esent 

Perhaps the poison most commonly employed in connection with 
experimental chronic nejffintis was uranium niti ate In 1909, Dickson ® 

1 Pearce, R M Problems of Experimental Nephritis, Arch Int Med 5 
133 (Feb) 1910 

2 Ophuls, W Experimental Chronic Nephritis, J A M A 48 483 (Feb 
9) 1907 

3 Dickson, E C Experimental Production of Chronic Nephritis in Ani- 
mals bv the Use of Uranium Nitrate, Arch Int Med 3 375 (June) 1909 
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reported an extensne research •with this substance In eight guinea- 
pigs gi\en from fortA'-six to eight} -se\en doses of 0 25 mg uranium 
nitrate subcutaneous!} o\er a penod of from se% enty-ser en to 120 
da^s he found dilated glomerular tufts, \Mth “c}sts. some thickening 
of the capsule of Boi\man and In aline degeneration of the basement 
membrane Round cell infiltration nas noted but no fibrosis In another 
senes of seven animals which received 2 5 mg doses of the poison at 
inter\als of from ten to tliirty da}S for periods of from se\ent} to 111 
days definite attacks of acute nephntis occurred followed b} reco\er} 
of the animals In tliese, the surface of the kidne} was found dimpled 
ne\\ connecti\e tissue had formed, and there nas new elastic tissue 
around Bowman s capsule A third senes of fourteen animals received 
a single injection of 5 mg of uranium nitrate which resulted in a 
serere nephritis ^^’hlIe chronic changes were produced m some ani- 
mals there was a marked tendenc} to recuperation Dickson stated 
that these lesions (descnbed abo\e) close!} resembled subacute and 
chronic diffuse nephritis in man It would be going too far, howe\er, 
to sa} that he was dealing with a true glomerulonephritis The same 
criticism applies to his w ork in 1912 * 

As regards the actual morphologic effect of uranium on the glom- 
eruli w e are indebted for our know ledge to Qiristian and his co-w orkers 
In 1908 he pointed out the occurrence of peculiar h} aline droplets in 
the glomerular capillar} endothelium of the rabbit kidnei injured b} 
uranium This he considered a degeneratne process This peculiar 
lesion was limited to the specialized glomerular capillar} No other 
vessels in the bodi showea it Later on in 1913, Christian and O Hare ‘ 
summanzed their extensne work on the actual anatomic changes in 
acute uranium nephntis m rabbits b} stating that se\eral t}pes of 
glomerular lesions occur — h} aline droplets m the endothelium of the 
tuft fibrin thrombi in the capillaries, hemorrhages into the tuft with 
slow coagulation dilatation of Bowman’s space with a granular material 
and proliferation of the endothelium of the tuft and less often of the 
capsular epithelium The findings have been confirmed repeatedly 

In 1911, Christian'' and his associates attacked the problem of pro- 
ducing chronic lesions m the glomeruli Rabbits and guinea-pigs w ere 
giren repeated doses of uranium nitrate or potassium bichromate for 
months Round-cell infiltration was found quite constantly while con- 
nectn e tissue increase occurred in the form of triangular foci running 

o 

- Dickson E C Further Report on Production of Experimental Chronic 
Xephritis in Animals b\ the Administration or Uranium Xitrate, Arch Int ^led 
9 557 (Ma3) 1912 

5 Christian, H A and O’Hare J P J M Research 28 227, 1913 

6 Qinstian, H A Smith, R. M , ?nd Walker, I C Experimental Cardio- 
renal Disease, Arch Int Med 8 -168 fOct ) 1911 
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into the coitex from the periphery, the apex pointing inward In these 
areas, the tubules were destioyed The glomeruli were relatively little 
involved This is an excellent description for the focal scars of “spon- 
taneous” nephritis 

Further work with uranium was done by Baehr,^ who, in 1913, 
published the results of the injection of a single, minute dose of uranium 
nitrate — from 0 35 to 0 8 mg — subcutaneously m rabbits His idea 
was to use just enough uranium to injure the glomeruli but insufficient 
to cause the usually extensive tubulai degeneration Of ten animals 
so treated, only one rabbit showed a definite glomerular lesion charac- 
terized by adhesion of the tuft to the capsule, epithelial crescents and 
albuminous exudate m Bowman’s space Apparently, this one animal 
was unusually sensitive to uranium In eleven rabbits m which injec- 
tion of from 0 35 to 0 8 mg of uranium nitrate was made directly into 
one renal artery, extensive glomerular lesions were produced, affecting, 
in some cases, 40 or 50 per cent of the glomeruli Baehr described 
four stages m the affected glomeruli coagulation necrosis of the capil- 
laries, growth of the capsular epithelium to form a syncytium, secondary 
canalization of the glomerular mass by new capillaries and hyaline 
changes in the tuft with adhesions to the capsule 

In 1914, Wiesel and Hess,® woiking on a similar principle of small 
dosage of poison, injected seventy rabbits with uranium nitrate mtra- 
peritoneally and epinephnn intravenously They produced swelling, 
hemorrhage and exudation m the glomeruli, with, later, proliferation, 
organization and contraction Eventually, they state, contracted kidneys 
resulted No one has ever been able to repioduce these findings Roth 
and Bloss ® repeated this work on sixteen rabbits, in 1922, but obtained 
only the usual tubular changes without significant glomerular changes 
except for hyaline droplets in the capillary endothelium in four animals 

Another substance which has been used to injure the glomeruli is 
snake venom In 1909, Pearce injected twenty-one rabbits with from 
1 to 2 mg of crotalus venom, in divided doses All but one of the 
animals were killed within six days The characteristic lesions were of 
two mam types hemorrhages into the tufts, but not into Bowman’s 
space, and exudation of red cells, serum and fibrin, with or without 
hemorrhage Hemorrhage into the tuft gave cysthke structures 
Leukocytes were seldom seen The tubular epithelium and the cells 
lining Bowman’s capsule were not injured The action of the venom 

7 Baehr Ziegler’s Beitr z Path Anat u z allg Path 55 S45, 1913 

8 Wiesel and Hess Virchows Arch f path Anat , 1914 

9 Roth and Bloss Virchows Arch f path Anat 238 325, 1922 

10 Pearce, R M J Exper Med 11 532, 1909 
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was, iheiefore, selective on capillary endothelium, dissolving it, as had 
been pieviotisly shown by Flexnei and Noguchi, in 1902 

Following up this woik in 1913, Peaice^^ injected twenty-four 
rabbits lepeatedly with the ciotalus venom No animal could be kept 
alive moie than six or seven weeks In the kidneys of these animals, 
theie was noted piohferation of the endothelium of the tufts The 
above mentioned hemoirhagic and exudative lesions were also piesent 
Piolifeiation was not seen in the exudatne type but was present in the 
hemoiihagic form In othei woids, there was simply an oiganization 
of the thrombus In those animals which lived the longest (from 
twenty-six to thirty-eight days), little glomerular change was found, 
although tubular degeneration was extensive In dogs, the venom was 
much moie fatal than in rabbits Only tubular degeneration was pro- 
duced, with h 3 'aline changes in the glonieiulai capillaries No evidence 
of reparative or subacute glomeiular lesions was seen in dogs Pearce 
concluded that the early lesions produced by ciotalus venom did not 
tend to become clironic 

j\'Iore successful lesults have been reported m 1921 by Suzuki^” 
He used “Habu’’ venom (Tiimeiesurus flavoridis, Hall) This is said 
to pioduce marked glomerular injury, with little tubular damage Rab- 
bits were guen from 3 to 4 mg pei kilogram of body weight, intra- 
venously The susceptibilit}’’ of the animals varied consideiably as to 
the lethal dose and tlie effect on the kidneys In animals dying within 
a few days, “cysts” appeared in the glomeruli, due, the authoi claims, 
not to rupture of the tuft but to extreme dilatation of one of the capil- 
laiy loops These “cysts” usually contained red cells, fibiin and a mass 
of what was probably platelets — apparently a thrombus Theie was 
usually only one “cyst,” occupying from one-thiid to one-half of the 
glomerulus oidinai ily Only one-quarter of the glomeiuli were involved 
In animals that lived more than a week, marked endothelial prolifeiation 
was noted After from ten to fouiteen days, degenerative changes 
appeared in the arterioles of the kidney, while the tubules underwent 
atrophy Aftei five or six weeks, an increase m the interstitial tissue 
was noted, particularly about Bowman’s capsule Fine gianulation 
(or pitting^) of the surface of the kidney was seen According to 
Suzuki, these “Schrumpfniere” aie pioduced by the obstiuction to the 
flow of blood through the glomeiulus in the early stages, while the 
tubular atrophy and fibrosis are secondary phenomena The capsular 
epithelium changes little Epithelial crescents aie not desciibed by 
Suzuki This nephritis does not tend to become progressive Con- 

11 Pearce, R M J Exper Med 18 149, 1913 

12 Suzuki, T Mitt a d Path Inst d kais Univ z Sendai, Japan 1 225 

243, 1919-1921 ’ ^ ’ 
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siderable lecovery occurs within a few months To speak of these 
kidneys as “Schrumpfniere,” when they are not at all contracted, is 
somewhat far-fetched 

Suzuki was, apparently, not satisfied with the chronic changes noted 
above and went on to attempt to produce a chronic glomerulonephi itis 
He injected (A) eight rabbits with one or more large doses of “Habu” 
venom, and (B) more than twenty rabbits with one or more moderate 
doses In the B group, the left kidney was removed surgically some 
time after the first injection and studied as a control for the eailier 
changes m the kidneys The animals were allowed to live many months 
According to Suzuki, granular kidneys were produced, yet the- gross 
desciiption of these kidneys corresponds well with that which will be 
given later for the so-called “spontaneous” nephritis of rabbits Tubu- 
lar changes are described m great histologic detail In fact, the authoi 
goes so far as to divide the kidney lesions into “chronic pai enchymatous” 
and “chrome interstitial” types, the former type being the one with little 
glomerular change When one kidney was removed, the other showed 
much moie atrophy and “contraction,” which Suzuki blames on 'the 
effects of retained metabolic waste-products since the “Habu” poison 
could not act so long Yet the atrophic areas were always focal, not 
diffuse, and not progressive lesions In spite of the lengthy descriptions, 
discussions and speculations of Suzuki, one does not get the impression 
that he has produced a glomerulonephritis of the chronic variety 
Unfortunately, there are no illustrations m his articles 

Diphtheria toxin has been frequently used m connection with experi- 
mental nephritis Bailey,^® irl 1917, injected rabbits with diphtheria 
toxin alone, or in combination with pituitary extract In some animals, 
a high grade of degenerative arteriosclerosis was found, affecting, 
chiefly, the media in all the large vessels In the kidneys w^ere found 
swelling and desquamation of the endothelial cells, fibrin thrombi and 
hyaline masses in necrotic capillaries of the tufts, with hemorrhages m 
some, and, in some glomeruli, collections of polymoi phonuclear leuko- 
cytes Bailey believed that these changes resembled closely those found 
m acute and subacute glomerulonephritis m man But this interpreta- 
tion is questionable There were no proliferative changes 

In the same year, 1917, Faber carried out an extensive study on 
twenty-three rabbits, all of whom died or were killed within ten days 
He injected from 0 001 to 0 02 cc of diphtheria toxin (1 cc contain- 
ing 200 minimum lethal doses) According to him, the piimaiy change 
with a small dose, was endothelial proliferation in the tuft With larger 
doses, degenerative changes set in, until finally the glomendai capil- 

13 Bailey, C H J Exper Med 25 109 (Jan ) 1917 

14 Faber, H K J Exper Med 26 139 (Aug ) 1917 
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lanes ruptured and globulai hemoiihages into the tuft, the so-called 
‘ blood-C 3 ^sts,” occurred The characteristic lesion of human hemor- 
rhagic glomei ulonephritis — fibrin, red blood cells and leukoc 3 tes in the 
capsulai space — was notabl 3 '^ absent At most, the onh’- exudate was 
albuminous With still largei doses, thrombotic masses formed, piob- 
abl 3 '' necrotic c 3 toplasm of the endothelium Leukoc 3 des weie scarce 
Tubular changes were apparentl 3 ' secondary to the glomei ular injury 
and did not dominate the picture 

As regards the pioduction of chionic changes with dijDhtheiia toxin, 
theie IS the difficult 3 ’’ of keeping animals alive for more than a few 
weeks Fiothmgham,^“ in 1914, injected animals iepeatedl 3 with sub- 
lethal doses of diphtheria toxin He repoited failure to produce any 
significant changes in the kidney with such injections 

With an inci easing knowledge of the etiologic factois involved in 
human glomei ulonephritis, especiall 3 ' the acute form, it was but natuial 
that bacteiia or then toxins be emplo 3 'ed in experimental production of 
nephritis All will admit that scailet fever, bacterial endocaiditis and 
severe sore throats are often followed b 3 ^ glomei ulonephiitis The 
organism ln^olved is piobabl 3 ' of the streptococcus group — sometimes 
the hemol3dic type, sometimes the anhemolytic or Mridans Aaiiety 
Experimenters have employed various oigamsms in the attempt to 
produce kidney lesions Some have leported successful lesults, otheis 
have been guarded in their opinions, and a few have confessed failure 
or, at least, skepticism in their interpretation of the facts 

Le Count and Jackson,^® in 1914, studied the efifect of stieptococci 
on the rabbit’s kidney Fift 3 ^-eight animals were given a single injection 
of living organisms — hemolytic streptococci, from cases of streptococcus 
sole throat in fift 3 f-one rabbits In ten animals, no changes veie found 
In sixteen, acute changes weie seen bacterial emboli in the capillaiies, 
areas of necrosis in the pjramids, acute disoiganization of the glomeruli 
with fibrin thrombi and hemorihage in some glomei ular spaces m only 
one animal Appaiently, the lesions m the glomeruli healed Subacute 
changes weie noted in thiit 3 '--two rabbits, in the foim of l 3 mphocytic 
and plasma cell exudates about the veins In twenty-two animals, theie 
were chronic changes — focal scars with dilated tubules, retention cj^sts 
and focal regenerative changes These chronic changes v ould be i ather 
difficult to distinguish fiom the “spontaneous” nephritis desciibed by 
Le Count and Jackson in their article 

Klotz^' in 1914, injected thirtj^-four labbits from one to five times 
over a period of fiom two to 228 days with Sircptococcus vnidans 

15 Frothingham J M Research 30 365, 1914 

16 Le Count, E R, and Jackson, L J Infect Dis 15 389, 1914 

17 Klot? Tr Ass’n Am Phy 29 49, 1914 
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isolated from cases of endocarditis He desciibed acute and chronic 
changes in the kidneys, acute and chronic interstitial nephritis, the 
latter resulting from the former and quite indistinguishahle from our 
piesent conception of “spontaneous” nephritis Klotz attempted to 
draw an analogy with the nephritis in man It is perfectly ohvious 
that he was not dealing with a chronic glomerulonephritis 

Using B mncosus-mpsulatus, Major, in 1917, injected twenty-one 
rahhits Twenty animals showed lesions A single injection in five 
rabbits produced acute hemorrhagic nephritis ( ?) — red blood cells in 
the glomeiular spaces, tufts, tubules and interstitium Hyaline fibrin 
thrombi were seen early in the glomerular capillaries In animals which 
received repeated injections, marked tubular changes were found, with 
lymphocytic collections Occasional fibiotic glomeruli were observed 
In another group, the kidney was granular (pitted?) under the capsule, 
with numerous areas of round-cell mfiltiation, dilatation of the tubules 
and desquamation of the epithelium, fibrosis and destruction of 
glomeruli Fibrosis aiound the glomeruli and the early stages of 
crescent formation were also seen 

Winternitz and Quinby,^® m 1917, injected B hi onchisepticus 
directly into the renal aitery of dogs They obtained chiefly interstitial 
changes Involvement of the glomeruli was not general enough to 
produce marked changes 

In 1920, Kuczynski inoculated mice repeatedly with streptococci 
He described glomerular changes, degeneration of the tufts, followed 
by proliferation and hyahnization All this was considered a defensive 
process The intermediate stages were not described by the author 
Hj^alinized glomeruli are not uncommon m ordinal y mice 

In contrast to some of the foiegoing results, theie was the report 
of Faber and Murray,-^ who, in 1917, injected a series of thirty-seven 
rabbits with various organisms — Sti eptococcus Jiemolyhcus (twenty 
rabbits). Streptococcus vindans, B coli and the staphylococcus They 
failed to produce glomerulonephritis 

Pappenheimer and others injected hemolytic streptococci directly 
into the renal artery of the rabbit Only acute changes were produced 
The micro-organisms disappeared rapidly, through the action of the 
phagocytes Within a few hours many leukocytes were seen in the 
glomeruli, and later on suppurative foci appeared , but chronic changes 
were not obtained 

18 Major, R H J M Research 37 125 (Sept ) 1917 

19 Winternitz, M C, and Quinby, W C J Urol 1 139 (April) 1917 

20 Kuczjmski Virchows Arch f path Anat 227 186, 1920 

21 Faber, H K, and Murray, V J Exper Med 26 707 (Nov) 1917 

22 Pappenheimer et al Proc New York Path Soc 16 73, 1916 
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In connection with the foregoing work, the expeinnent of Bloom- 
field,"® in 1919, must be mentioned He injected dead organisms 
(Sficpfococcus hcmolyticns and vnidans) directly into the left lenal 
arter} of rabbits At this opeiation, the kidney uas examined closely 
for the piesence of “spontaneous” nephritis About two weeks later, 
a series of intraAenous injections of living organisms was begun, from 
one to nineteen injections over a peiiod up to fifteen months The 
results V ere entirely negatn e as regards chronic changes m the kidneys 
Of course, Bloomfield uas not misled by the “spontaneous” nephritis 
present in his animals In twelve of sixteen animals, the kidneys 
looked exactly the same aftei as before the injections of bacteria 

Using only bacterial poisons, to lule out the factor of embolism 
and to make possible more diftuse injury of the kidneys, Stoddard and 
Woods,"^ m 1916, injected toxins obtained from cultuies of strepto- 
cpcci and staphylococci, also Vaughan’s spht-protein poisons Rabbits 
uere gnen such injections repeated!} No glomerular changes of note 
uere produced 

Combinations of a metallic poison, or dijDhtheria toxin, with bac- 
teria haie also been employed in expeiimental nephritis, with the idea 
of establishing a site of lowered resistance in the glomerulus, where 
bacteria or their toxins could then gam a stionger foothold Following 
the example of Opie, who, in 1909, found it much easier to produce 
cirrhosis of the Iner m animals by the combined use of chloioform 
and B coli than by eithei one alone, O’Hare, m 1913, lepeatedly 
injected both uranium and B colt into rabbits Eighteen of forty 
animals Ined from a few ueeks to five months A varying amount of 
scarring vas produced m the boundar} zone and in the cortical ra}s 
of the kidne} L}mphocytic infiltration was not maiked The glomeruli 
were draun together m the scars and showed variable changes dilata- 
tion of the capsular space, shi inking and thickening of the capsulai 
Avail, and. occasionally, proliferation of endothelium Arteiiosclerotic 
lesions A\ere not found The fibiosis thus produced was moie constant 
than that found in animals which received only uranium nitrate Yet 
all the foregoing results can be duplicated in animals by “spontaneous” 
nephritis, and, regardless of the oiigin of the scars, one is not dealing 
here with a glomerulonephritis From the latter standpoint, O’Haie’s 
results w^ere negative 


23 Bloomfield, A L Bull Johns Hopkins Hosp 30 121 (May) 1919 

24 Stoddard,! L , and Woods, A C J M Research 34 343 (July) 1916 

25 O’Hare, J P Study XVII Experimental Chronic Nephritis Produced 
b} the Combination of Chemical (Uranium Nitrate) and Bacteria (B Coli 
Communis), Arch Int Med 12 49 (July) 1913 
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In 1917, Major injected young rabbits repeatedly with killed 
cultures of Staphylococms aniens, ovei a period of a few months 
In each case, a preliminary dose of 0 5 mg of uranium nitrate had 
been injected Six of seven rabbits developed well-marked lesions in 
the kidneys round-cell infiltration, diffuse fibrosis and vaiying destruc- 
tion and fibrosis of glomeruli No such changes weie seen in six rabbits 
given only the uranium nitrate The author concluded that chronic 
nephritis could be produced thus Grossl)% the kidneys showed pucker- 
ing and scarring The inteipietation of the findings here is somewhat 
open to question 

In the same year, Faber injected ten rabbits with varying small 
doses of diphtheria toxin, followed in from one to thiee days by B coh, 
intravenousl)'' A tiue fibrinous exudate was found in Bov man’s space 
some red cells and desquamated epithelium Frequently, masses of 
fibrin were seen m the glomeruli Leukocytes were found in large 
numbeis m the tuft, and occasional^ m the capsulai space Early, 
half-moons appeared With B coh alone, no notable changes could be 
produced Apparently, exudation was more maiked when both toxin 
and organism were used than when the lattei alone was employed 
With Vaughan’s spht-protem instead of B coh, similar results were 
obtained, but there was no leukocytic reaction While Faber was 
apparently much more successful than most othei experimenteis in 
obtaining a severe exudative type of glomerulai lesion, he did not allow 
his animals to develop chronic changes They were kept alive for onlj- 
a few days 

A new phase of experimental chronic nephiitis was exposed by 
Newburgh,^® in 1919 He fed rabbits a high piotem diet, egg-white, 
casein and soy bean repiesenting the protein constituents Renal injuiy, 
shown b)^ albuminuria and cylindruria, was quickly produced His- 
tologically, the changes weie those of acute, subacute and chronic 
tubular changes, with secondary increase in interstitial tissue The 
glomeruli and renal blood-vessels showed little change The experi- 
mental conditions Avere rather aitificial 

In Anew of the clinical association of acute nephritis Avith exposuie 
to cold, Gaisbock,®® m 1922, expeiimented on the effects of direct cool- 
ing of the kidneys in animals Tubular and glomerular degeneration 
occurred early, but eventually healing took place, and progressive or 
chronic changes Avere not obtained in this manner 

26 Major, R H J M Research 35 349 (Jan ) 1917 

27 Faber, H K J Exper Med 26 153 (Aug ) 1917 

28 Newburgh, L H Production of Bright’s Disease by Feeding High 
Protein Diet, Arch Int Med 24 359 (Oct ) 1919 

29 Gaisbock, F Wien Arch f inn Med 3 1 (Nov ) 1922 
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All admirablv critical review of the entire field of experimental 
nephritis iias published by Roth and Bloss,*' in 1922 They begin \Mth 

hat seems to be tlie most logical introduction to experimental chronic 
nephritis namely ‘ spontaneous nephritis as it exists in i anous animal 
speaes A'etennari authorities agree on tiio points tlie frequency 
of acute nephritis or nephrosis and the rarity of glomerulonephritis 
Henschen m 1921 reported tlie condition of the kidneys of 200 dogs 
and more than lift} cats on nhich he performed the necropsy He 
stated that degenerative conditions or nephroses were quite common 
except annloid degeneration The most usual form of acute nephntis 
he called acute interstitial hiiiphatic nephritis Here there are hnupho- 
ciiic infiltrations nhich later become fibroblastic Glomeruli atrophy 
and become In'alinized their capsules thicken and the tubules atrophy, 
all forming a scar uhicli corresponds grossly to a depression or pit 
on the surface of the kidney Renal atropln of a focal character was 
commonly found in dogs but produced no s}mptonis Artenosclerotic 
changes could not be demonstrated Acute nephntis occurred fre- 
quently in puppies 

Roth and Bloss discuss the rarit\ of true chronic nephritis m animals 
generally Thus in 7,000 necropsies on sheep on!} tw ent} -three cases 
of chronic nephntis were found A tnie diffuse glomerulonephritis 
practical!} neier occurred The authors further draw a distinction 
between the i anous degeneratii e changes described in experimental 
nephrms and tlie inflammatory exudati\e process seen m the true 
glomerulonephritis m man They comment on the rant}* of exanthems 
and rheumatic diseases in animals This factor — the difference m 
etiolog} — might explain the differences in the pathologic pictures m 
man and animals In ten cases of hog cholera, m some of which a 
se\ ere endocarditis had occurred no true glomerulonephritis was found 
Xor could such a nephntis be produced m rabbits b} means of the hog 
cliolera organism In conclusion tliei refer to inherent differences 
detween experimental animals and man as a probable cause of the 
failure to produce glomerulonephntis 

]^rany of the authors referred to throughout this renew of the 
literature have discussed the so-called spontaneous nephntis as it occurs 
111 rabbits the animals most commonly used Excellent descriptions 
ha\-^ been gii en by Le Count and Jackson Bloomfield and Bell and 
Hartzell not to mention the reports in the earher literature on experi- 
menral nephntis The characteristic lesions \ar} according to the 
stage at winch tliey are observed In the early stage one finds micro- 
scopical!} a ^ar}lng amount of round cell infiltration about the smaller 

30 Henschen F Acta med Scandina\ 53 77-^ (Tan ) 1921 

31 Bell E T and Hartzell J Infect Dis 24 62S (June) 1919 
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veins, usually in the boundaiy zone or extending along the vessels 
upward into the coitex In the areas of infiltration, the tubular epi- 
thelium undeigoes necrosis, with resulting atrophy oi dilatation of the 
portion of the uiimferous tubule above the areas Giossly, one may 
see no change in the kidneys, but wheie the mfiltiation has extended 
up into the cortex, a plum-colored pin-pomt or pinhead-sized spot can 
be seen through the capsule Eventually, fibrosis sets in, causing dis- 
tortion of the atrophic or dilated tubules in that area, a drawing together 
of the glomeruli, and the formation of a narrow oi bioad wedge-shaped 
scar which extends from the surface of the kidney down through the 
entire cortex, causing a depression or pit of varying diameter on the 
surface of the kidney The glomeruli are usually shrunken in these 
scars, but never show an3''thmg corresponding to glomerulonephritis 
Theie is occasionally a fibiotic glomerulus Usually there is, at best, 
some fibrosis about Bowman’s capsule Within these scars are varying 
numbers of round cells and degenerating tubular epithelium These 
scars are always focal, with entirel}' normal intei veiling kidney tissue, 
and even m extreme cases repiesent only a minority of kidney tissue 
Both kidneys are usually involved to the same extent In extreme 
cases, the kidneys may be so pitted and puckered as to give a super- 
ficial resemblance to granular kidneys The capsule is never firmly 
adherent over these pits Associated with this cortical scarring may 
be similar focal scars extending all the way down the medulla 

As regards the frequency with which this condition is found, vari- 
able percentages are given in the literature, ranging fiom about 10 to 
about 90 per cent The frequency of “spontaneous” nephritis is, 
according to Bloomfield,^® quite independent of the age, size, weight or 
sex of the rabbit It is more dependent on the particular lot of animals 
one IS dealing with But even from 40 to 50 per cent would be a fair 
aveiage of incidence for most laboratory labbits 

The etiology is not known The lesions are appaiently embolic in 
character Yet, even in relatively late stages, some patent vessel may 
be seen in the involved area The rabbit is subject to a sufficient num- 
ber of infections to make focal embolic lesions possible 

The “spontaneous” nephritis of labbits has absolutely no lesemblance 
to the human progressive, or chronic, glomerulonephritis None but 
a novice in pathologic histology should have any difficulty in distin- 
guishing between the two Yet a detailed and lengthy description has 
been given, because, time and again, experimenters have, m all faith, 
repoited, and illustrated with photomicrographs or drawings, what to 
them was an artificially produced chronic nephritis (comparable to the 
human type), but what, in the light of present knowledge, could only 
ha^e been the “spontaneous” variety Whether or not injections of 
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toxin in a dosage of from 0 3 to 0 5 of a minimum lethal dose subcu- 
taneously, thirteen rabbits lived less than ten days , nine lived between 
ten and twenty days , six between twenty and thirty days , four between 
thirty and forty days , and two, forty-six and forty-seven days, respec- 
tively Some of the animals lost up to two-fifths of then body weight 
Most of them lost one-third 

The kidneys showed varying changes In some animals, a small 
dose produced tremendous changes In others, e g , the rabbit that 
lived forty-six days and received a total of 2 6 of a minimum lethal dose 
of toxin, practically nothing was found In geneial, there were seen 
extreme hyperemia and dilatation of the glomerulai capillaries, endo- 
thelial degeneration, hyaline thiombosis in some of the loops, and, what 
was very conspicuous but present in only sixteen of the forty-nine 
animals, globular glomerular hemorrhages into the tuft itself, giving 
the so-called “blood cysts ” There was a varying amount of granular 
precipitate in the capsular space Only occasionally were red blood 
cells seen m Bowman’s space Tubular degeneration was marked and 
numeious casts were seen m the kidney sections and found in the urine 
In spite of all these acute changes, theie was no leukocytic reaction to 
speak of There was absolutely no proliferative reaction on the part 
of Bowman’s capsule In some of the animals that lived longer than 
two weeks, there was eMdence of endothelial regeneration m the tuft, 
but it was not striking 

In four rabbits, a striking picture was seen a mass of fibrin encir- 
cling the glomerulus entirely, or only a part of it, fingering in between 
the loops of the tuft, at times forming part of an old blood cyst, some- 
times entirely within the tuft proper, or else lying free in Bowman’s 
space, with often a hyahnized exudate contiguous with it and extending 
into the first portion of the tubule as a hyaline cast This evidently 
represented an older stage of development than the changes described 
above, but it was found m animals living seven, sixteen, twenty-seven 
and thnty-seven days, respectively Yet no epithelial crescents were 
ever seen m these kidneys, nor a significant leukocytic reaction 

One animal lived forty-seven days, receiving a total of 4 9 minimum 
lethal doses of diphtheria toxin and thirteen injections of bacteria 
The kidneys of this animal were finely pitted, grossly, and weie very 
firm Microscopically, there was seen a marked type of “spontaneous” 
focal scarring But, in addition to this, there was considerable diffuse 
interstitial tissue increase, marked variation in the size of the glomeruli, 
pencapsular fibrosis and connective tissue invasion of glomeruli out- 
side the focal scars and, at times, adhesions between some loop of a tuft 
and Bowman’s capsule Numerous hyaline casts were present in the 
tubules and in the urine The glomerular change here was not general 
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enough to be satisfactoiy Theie ^^ere no true epithelial descents 
Conseqiienth e\en here one is not dealing AMth a tiue chronic glom- 
erulonephritis, but lather -with a chronic interstitial process 

All of the changes described so far have been produced b} diphtheria 
toxin Wiat about the effect of the bacteria localizing in these injured 
glomeruli, vith their tiemendous congestion and hemorrhage^ The 
bacteria seemed to ha\e no effect at all on these glomeruli There is 
nothing one could ascribe to their action on the glomeruli jMjcotic 
emboli nere found in mam of the glomeiuh and in the afferent arteiies, 
in the ^essels of the lungs and e\en m the mjocardium, in one animal 
vhich had recened four minimum lethal doses of toxin intravenously, 
and the next daj vhen m an almost moribund condition, was given 
bacteria mtra\ enoush , death ensuing m twent\-four hours There vas 
no reaction about these bacterial masses Probably, the circulation vas 
in a failing condition vhen the organisms were injected, and the ani- 
mals resistance was nil In all the other animals, the bacteiia had no 
more effect on the damaged glomeruli than thej had on the noimal 
glomeruli of the first series This lesiilt was \er\ surprising, but the 
obiectne data were quite comincmg 

Twent\-se\cn of the foit\-nine rabbits showed the earmarks of 
‘spontaneous' nephritis, whether truh spontaneous or not In se\en- 
teen animals, definite focal scars were present In twehe, grossly 
Msible fine or coarse pitting on the surface of the kidnejs was noted, 
111 two of twentj -eight animals that Ined less than ten or ele\en dajs, 
in three of nine rabbits that Ined between ten and twenty dajs, m four 
of SIX rabbits that Ined between twentj and thirt} dajs, in two of four 
rabbits that Ined between thirtc and foity days, and m one of the two 
rabbits that Ined fort) -six and folt}-se^en dajs. respectneh The 
other rabbit of the two had micioscopic focal scars Here, again, there 
IS a temptation to draw conclusions, but one must be careful, because 
pitting occurred in animals that Ined onl) two dajs and seven dajs, 
respectn eh , w hilc extreme scai ring and deformity of the kidnej s w^ere 
seen in an animal that Ined onh ele\en dajs, obvioush too short a 
period for eAen an enthusiastic concluder 

Endocarditis of the ^egetatne tNpe was found m only thiee labbits 
of this series The) Ined fifteen, eighteen and foit) -seven dajs, lespec- 
tnel) In the first animal of the thiee, there was an extensive infarc- 
tion of one kidney, with multiple glomerular abscesses m that area 
In the rabbit which Ined eighteen da^s, a marked aortic endocarditis 
w'as present 

Arteriosclerosis was not produced, in spite of the relatnely large 
number of animals used, the large doses of diphtheria toxin given and 
the considerable period of time many of the animals lived 



628 


ARCHIVES OF INTERNAL MEDICINE 


3 A series of twenty-six animals received from one to eight injec- 
tions of rattlesnake venom — a total of from 10 to 66 mg of the poison — 
subcutaneously The usual bacterial suspension was injected intra- 
venously, every second oi thud day In two animals, a small dose of 
the venom, given intravenously, caused death within from two to three 
minutes, after convulsions The subcutaneous injections always pro- 
duced an extensive necrosis, particularly of the muscles, even at a great 
distance from the site of introduction of venom All the animals lost 
considerably in weight 

Of the twenty-six rabbits, six lived between one and five days 
fourteen between five and ten days , five between ten and fifteen days, 
and one for forty days Postmortem changes set in very rapidly in 
these animals As regards the kidneys, beyond hyperemia and degenera- 
tion of glomerular endothelium, with a granular precipitate in Bowman’s 
space in some instances, there were no significant glomerulai changes 
This was surprising in view of the hemorrhagic and exudative lesions 
described by some authois 

Nine of the twenty-six rabbits showed evidence of “spontaneous” 
nephritis, but only one animal had kidneys which were extremely scarred 
and pitted grossly Yet this animal had lived only nine days after the 
beginning of the experiment , so that one could not very well blame the 
experimental procedure for the pathologic condition found 

Mitral endocarditis was present in three labbits, which lived four, 
eight and thirteen days, respectively There Avere only a few small 
vegetations in each instance 

4 Direct intracardiac injections of a strain of Streptococcus vni- 
dans, isolated from the blood of a patient with subacute bacterial 
endocarditis, were cairied out on ten rabbits Two of these lived less 
than ten days , six between ten and twenty days, and two, twenty-four 
days The number of injections varied from three to nine The cause 
of death in all the animals was a more or less gradual deposition of 
layers of clotted blood within the pericardial cavity, distending it tre- 
mendously Within these clots ivere masses of bacteria in microscopic 
abscesses Four rabbits developed a definite vegetative endocarditis, 
never ulcerative in spite of the trauma to the endocardium during the 
repeated injections The endocarditis was present only in animals that 
lived more than ten days, and in 50 per cent of these 

The kidneys showed no moie changes than those in the animals of 
Series 1 No glomerular lesions of any sort were encountered In one 
of the rabbits that developed endocarditis, a small infarct was found m 
one kidne}’^ In this series of ten animals, only two showed spontaneous 
nephritis In only one was gross pitting evident 
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5 Dnect injection of a bacteiial suspension (the same organisms 
as lu Series 4) with lycopodium spores into the left renal arteiy was 
earned out on twenty-six animals successfully They were allowed to 
Ine from nineteen to sixty-five days, when they weie killed by a blow 
on the back of the neck, and neciops)'- was performed immediately 
Most of the animals maintained their body weight and some actually 
gained following the opeiation No injections were given other than 
the one into the lenal alter}- Five rabbits lived less than ten days, and 
m all of these, the left kidney was more or less completely infaicted 
owing partly to injury to the -vessels at operation and partly to obstruc- 
tion of branches of the leiial artery by masses of spores that had 
clumped togethei Two animals lived just a little less than twenty days 
Seven lived between twent} and thirty days, two between thirt} and 
foity days, two between fortv^ and fifty days, four between fiftv and 
sixty da} s, and foui between sixty and sixty-five days 

The kidne}s, i e, the injected kidne}S, of the animals in this series 
showed, in geneial, uniform findings Leaving out the piesence of laige 
infarcts, due to faulty technic or obstiuction of large blanches of the 
renal artery b} masses of spores, the kidneys showed, giossly, a varying 
amount of pitting or coarse depiessions, with wedge-shaped coitical 
scars Microscopicall} , vv'edge-shaped aieas were found m the cortex, 
with relatively wide bases, m which were seen tubular degeneration, 
atrophy and distoi tion , marked fibi osis between the tubules and around 
the glomeruli , often large masses of round cells near a vessel containing 
spoies and an organized, canalized thrombus, and a vaiying number of 
spores in the arterioles, very raiely in a glomerulus The sjiores were 
just large enough to obstiuct the afterent vessel of the glomerulus, but 
too laige to get in the capillaries Between these aieas of scairmg, little 
change w^as evident, othei than the focal scars of spontaneous nephritis, 
wdiich could be distinguished only with great difficulty from those due 
to the spores and bacteria In fact, in many instances, only the finding 
of spores in the vessels was the difterential point In some kidneys, the 
findings were frankly those of multiple organized or organizing infarcts, 
with tremendous interstitial fibrosis Within these areas, the glomeiuh 
themselv'^es showed little oi no change, ev'^en in cases m which a spore 
was present in the glomerular capillary Pencapsular fibrosis was 
marked 

All these changes could be atti ibuted to pai tial or complete obsti uc- 
tion of arteiies to the involved aieas In other words, this was a focal 
embolic process, the obstiuction being due to the inert spores The 
bacteria apparently played no important role — not any more than in 
Series 2, in which organisms and diphtheria toxin vveie injected into 
the rabbits The only lesion that could be atti ibuted to bacteiia was the 
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tremendous focal lymphocytic accumulation seen about some of the 
small vessels m the cortex and sometimes in. connection with a glom- 
erulus This lesion was not seen in a rabbit which had received only 
spores in sterile physiologic sodium chlorid solution, although the usual 
scarring was present 

While one could not tell, in the case of the left kidney, how much 
of the pitting was due to the treatment and how much was spontaneous, 
the analysis of the findings in the opposite, untreated, contiol right 
kidney gave interesting results Fourteen of the twenty-six rabbits 
showed a varying amount of gross pitting, m the right kidney Three 
more showed microscopic scars and round-cell infiltration — making a 
total of seventeen of twenty-six which had spontaneous nephritis, unless 
the findings could be attributed to the effect of circulating bacteria, 
originally injected into the opposite kidney But this explanation could 
not possibly hold for the extreme scarring and puckering of the kidneys 
of two rabbits that died during the operation Nor could it explain the 
pitting found in the right kidney of the rabbit which received only 
spores Whatever the cause of the pitting in the right kidnejs, the 
incidence was unusually high in this series 

The bacteria injected into the left renal artery produced a definite 
vegetative endocarditis in four rabbits, which lived five, eighteen, nine- 
teen and twenty-seven days, respectively In the first animal, there were 
microscopic embolic abscesses in the myocardium In the second animal, 
there were focal leukocytic infiltiation m the myocaidium and an infarct 
in the right, or untreated kidney 

6 During the course of the various experimental procedures carried 
out above, a simultaneous study was made of the histologic condition of 
kidneys obtained from rabbits which happened to die in the laboratory 
Some were unused rabbits, supposedly normal Most of them had been 
injected with human serum, lens protein, etc , in the course of woik on 
precipitins None had received bacteria of any sort 

A total of eighty-two kidneys (forty-one rabbits) were studied 
Forty-eight kidneys (twenty-four rabbits) were entirely noimal, thirty- 
four showed a varying amount of focal cortical scarring, round-cell 
infiltration, etc In many of the thirty-four, gross pitting was present 
Thus, more than 40 per cent of these rabbits showed spontaneous 
nephritis This is an important phase of the work on experimental 
nephritis in the rabbit 

V SUMMARY 

A critical, yet, we trust, a fair review of the literature on expeii- 
mental chronic glomerulonephritis shows that many investigators have 
reported successful results that cannot stand when viewed in the light 
of strict criteria for glomerulonephritis But many who have made 
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caieful and extensive expeninents have failed completely to produce 
chronic lenal lesions comparable to the t}pical chionic glomei ulonephi i- 
tis of man Not all the workers have seemed to distinguish between 
“spontaneous” nephiitis and the true foim of chiomc glomei ulonephiitis 
which ends m the so-called granular or contracted kidneys 

The present attempt to produce glomei ulonephritis, by injection of 
bacteria repeatedly, of bacteria and diphtheiia toxin, of bacteria and 
snake lenom, of bacteria and spores diiectly into the lenal aiten, has 
met ivith absolute failure Many pathologic piocesses ha\e been 
described m the protocol, but none of these is a true glomei ulonephritis 
Yet the bacteria iveie able to pioduce vegetative endocaiditis (never 
ulceiative) in a fair proportion of the animals 

“Spontaneous’ nephritis ivas found in 40 pei cent of labbits ivhich 
had never recened bacterial injections In seventy-two of 133 labbits 
used in the experiments of this reseaich, spontaneous nephiitis ivas 
noted, -whether spontaneous or not cannot be decided In othei ivords, 
54 per cent had the typical lesions, rvhich, howevei, aie very easy to 
distinguish fiom those of glomer ulonephiitis 

VI CONCLUSION 

Chronic glomei ulonephiitis has not }et been pioduced constantly 
01 eien frequently m an expeiimental animal The rabbit is piobably 
not a suitable animal foi this pin pose, because it does not react as does 
the human being to the agents that can injure the glomei uli My own 
attempts to produce a chronic lesion b} means of bacteria alone, bacteiia 
w ith diphtheria toxin, bacteria ivith snake \ enom or bacteria with spores, 
all calculated to damage the circulation -within the glomeruli and intro- 
duce infection at the same time, haie been unsuccessful, although a 
large nuinbei of animals Avere used with each method of pioceduie 
Whatever changes ivere observed in the kidneys could not be intei preted 
as those of chronic glomerulonephritis 
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Among the so-called autointoxications, there is a group, not very 
well defined, characterized by a constitutional defect which prevents the 
complete decomposition of certain substances As a result, intermediate 
metabolic products accumulate in the blood and internal organs, and at 
times well defined morbid conditions, even death, may result 

Such conditions ha\e long been known, among them being arthritis 
urica, diabetes melhtus the comparatively unimportant cystinuna and 
alkaptonuria The last named condition is now well known, chiefly since 
the appearance of a monograph by the Danish investigator Valdemar 
Poulsen ^ Its sequel, ochronosis (blackening of cartilage and other 
tissues), had already been described b}'^ Virchow, and, on account of 
its rarity and harralessness, may be considered a pathologic curiosity 
Of greater practical and theoretical importance is hematopor- 
phyrinuna, so named on account of the presence in the urine of a light 
reddish brown pigment, best known to occur in connection with poison- 
ing by sulphonmethane and sulphonethylmethane Less known is the 
fact that hematoporphyrmuria may be the expression of a constitutional 
state, “porphyria,” or “hematoporphyria.” an exceedingly interesting 
condition with a fairly well defined morbid anatomy, and recently the 
subject of a monograph by Hans Gunther - 

REPORT OP CASES 

Case 1 — Histoiy — A hostler, aged 43, had been under the observation of 
Prof Peter Bull for many years In 1903, when 28 years old, he had two 
months of diarrhea with rather scanty, painless and at times bloody stools 
This was followed by constipation There was no jaundice The following 
year he was in bed a week with fever, vomiting and pain in the right hypo- 
chrondriac region, radiating to the back He had a similar attack in 1^5, 
and was never entirely well, being frequently troubled with nausea, poor 
appetite and pain in the right side In 1906 and again in 1910, he had similar 
attacks In 1910, it was noted that the urine was dark, with light colored foam, 
and free from sugar and bile pigments The addition of lodin caused it to be 
more intensely brown (not green) Nov 3, 1910, laparotomy was performed 
and the appendix was removed The biliary tract was normal Nine days 
later, he had an attack of pain during which the urine was dark and contained 
urobilin and hematoporphyrm The action of the bowels was normal 


=''From the Department of Pathology, Univeisity of Christiania 

1 Poulsen, Valdemar Om ochronotiske tilstande hos mennesker og dyr, 

1910 

2 Gunther, Hans Die Bedeutung der Haematoporphjrme in Physiologic 
and Pathologic, 1922 
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November 15, the muscular power in the arms was much reduced and the 
grip "weak, and there was distinct atrophy of the thenar eminences Sensation 
vas normal The abdomen was constantly tender 

November 23, on neurologic examination by Dr Eyvm Krogh, evenly dis- 
tributed paresis of both arms and legs was found The tendon reflexes were 
absent , sensation w as normal , the e3'e grounds were normal , the urine was 
lellow Retention of urine was present for a month, and the -weakness of the 
extremities lasted a j'ear It was thought that there w'as an acute affection of 
the anterior horns or roots of the cord, extending at least as high as the fifth 
cervical segment, the cause being an intoxication oi infection 

Furthci Observations (Dr Andreas Tanberg) — From 1911 to 1913, the 
patient improved considerablj', and he became able to w^alk about by the aid 
of a cane In the fall of 1916, he grew' w'eaker, and in March, 1918, he was 
confined to bed He complained of pain here and there in the arms and legs 
Once or twice a j'ear, he had peculiar attacks of abdominal pain, lasting about a 
week, and less severe in recent years The onset w'as usually sudden, and the 
pain W'as usuallj' in the umbilical region The patient had the impression that 
the pain started on the right side There w'as no distension, and tenderness 
W'as not pronounced The pains, w'hich w'ere stinging and burning, w'ere usually 
accompanied by vomiting of w'atery and, tow'ard the end, bile-stained material 
The urine was of light color on the first daj' of the attack, but grew' darker 
from day to day and the dark color, the shade of Madeira w'lne, persisted 
for several days after the cessation of pain The temperature w'as alwaj'S 
normal, the pulse rate from 80 to 100 The skin and sclerae w'ere slightly 
icteric during the period of excretion of dark urine 

During one of the attacks in 1911, there w'as tenderness and sw'elling of 
both breasts, and the lightest touch of the nipples caused pain The liver w'as 
not enlarged during the attacks Spectroscopic examination of the Urine revealed 
large quantities of urobilin and urobilinogen, together w'lth a trace of hema- 
toporphyrin In the later years, the skin and sclerae were constantly slightly 
jellow In 1916, he began to have frequent attacks of vertigo, w'lth \omiting 
and sometimes fainting The same year, there appeared a slight paresis of the 
muscles of the right side of the face Signs of chronic nephritis w'ere present 
during the last five or six 3 ears of his life, the urine containing from 0 5 to 1 
per cent of albumin, granular and 113 aline casts, a few' leukoc3tcs and a very 
few' er3'throc3'tes During the last eighteen months, albuminuric retinitis had 
been present 

The patient had used alcohol 01113' moderate^ In 1910, a negative Wasser- 
mann reaction was obtained 

Outcome — April 16, 1918, the patient w'as admitted, 111 a comatose condition, 
to the service of Prof Peter F Holst A week previously, one of his usual 
painful attacks had come on, and from day to da3', consciousness became more 
clouded There w'as no fever, but the pulse rate w'as 120 The area of cardiac 
dulness w'as slightly increased Atrophy of the musculature of the hands, 
forearms and legs w'as noted The urine contained a considerable quantity 
of albumin and casts The patient died April 18 

Ncc) opsy Findings (April 18) — The bod3' was that of a man who appeared 
older than his chronological age There w'ere numerous punctate hemorrhages on 
the radial side of the right forearm The musculature of the thenar and hypo- 
thenar eminences, forearms and legs w'as considerably w'asted The pericardial 
cavity contained clear yellow fluid, and its layers w'ere smooth The heart 
w'-'s enlarged, w'eighing 450 gm , and the wall of the left ventricle W'as thickened 
and its cavity dilated There w'ere a few' sclerotic patches in the coronary 
arteries, but no narrow'ing of their lumen Otherw'ise, the heart w'as normal 
The pleural cavities W'ere normal as w'ere the lungs, aside from slight h3'po- 
static congestion There w'ere some fibrous adhesions about the gallbladder 
The spleen w'as enlarged, weighing 135 gm , and rather firm, and its follicles 
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were indistinct The kidneys were also rather large with adherent capsules 
and presented, on cut surfaces, numerous cysts and yellow patches The line 
of demarcation between cortex and medulla was entirely effaced The liver 
was rather small, weighing 1,100 gm , and somewhat cyanotic, with indistinct 
markings The gallbladder and ducts were normal The stomach, intestines, 
pancreas and bladder showed no changes The skull and dura mater were 
normal The brain was large and edematous, with broad gyri and narrow 
sulci The vertebral arteries were thickened and tortuous, with sclerotic patches 
m their lining The basilar artery was still more dilated and also sclerotic, 
with a thrombotic mass which almost filled the lumen m its lower portion 
Corresponding to the thrombus, there was softening m the lower portion of the 
pons There were also small foci of softening on the right side of the cere- 
bellum, at the tip of the left caudate nucleus and m the wall of the third 
ventricle The small arteries at the bottom of the cerebral sulci were sclerotic 
The spinal dura presented in the cervical region a fibrous thickening up to 3 mm 
of the consistency of scar tissue, as well as brownish pigmentation The cord 
itself was slightly swollen m the cervical region and the demarcation between 
the gray and the white matter was not distinct The white matter appeared 
somewhat degenerated The same was true to a less degree of the rest of 
the spinal cord 

Histologic Examination — Kidneys There was marked degeneration of the 
epithelium of the convoluted tubules, which was partly shed The lumina of 
the tubules were narrow m places, in other places dilated, and partly filled with 
homogeneous material The stroma was considerably increased in both the 
medulla and the cortex, in the latter, this occurred in areas in which the 
epithelium was much degenerated and partly destroyed There was some 
round-cell infiltration in the cortex, and the glomeruli were largely converted 
into hyaline lumps in which degenerated nuclei were seen The walls of the 
larger vessels were somewhat thickened 

Liver This showed parenchymatous degeneration 

Brain In the cortex of the cerebrum, as well as in the underlying white 
matter, there was abundant yellowish brown granular pigment around both 
veins and arteries The brain tissue was edematous, most distinctly so about 
the vessels Yellow pigment was also found in the meninges These findings 
were less marked m the basal ganglions, and scarcely recognizable in the 
cerebellum There was no sign of inflammation anywhere and no marked 
change in the ganglion cells The arteries of the base especially the basilar 
artery, showed considerable intimal proliferation with slight cell infiltration, 
considerable pigmentation m the deep portion of the wall and deposits of hme 
salts There was a conspicuous swelling from edema of the vascular walls, 
with a reticular appearance, and, m other places, hyaline degeneration was 
present There was practically no inflammatory change about the vessels 

Spinal cord The changes were not marked There was no inflammatory 
infiltration in either the membranes or the cord substance Slight edema was 
present in the cervical region but not elsewhere The ganglion cells were 
normal, except for questionable atrophy of portions of the anterior horns in 
the upper cervical region 

Peripheral nerves The sciatic, ulnar and radial nerves gave no evidence 
of inflammation, but there was some granular degeneration of the myelin 
sheaths and axons Marchi preparations were not made 

Anatomic diagnosis Porphyrinuric autointoxication (^), chronic nephritis 
with atrophy, hypertrophy of the heart, chiefly of the left ventricle, arterio- 
sclerosis, particularly of vertebral and basilar arteries , thrombosis of the basilar 
artery , softening of a portion of the cerebellum and pons, wall of third ventricle 
and left caudate nucleus , edema of the brain , myelitis of cervical region of 
cord (’) , spinal pachymeningitis with pigmentation, atrophy of the musculature 
of the upper and lower extremities, and parenchymatous degeneration of the 
liver 
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Comment — The findings in this case agiee quite well with those 
described dining the past ten yeais as porphynsm or hematoporphyna 
acuta About twenty cases have been leported, and most of them are 
assembled m the previously mentioned monograph by Hans Gunthei 
Recently, additional cases have been lepoited by Snapper^ The acute 
form of the disease has aftected women in about two-thirds of the cases, 
and 111 about one-thiid of the cases theie has been a neuropathic or 
psychopathic basis Theie is a triad of symptoms, consisting of 
intestinal colic, vomiting and obstinate constipation Attacks of 
abdominal pain occur without demonstrable leason The pain usually 
begins m the epigastiium and often ladiates to the loins or to the 
lower extiemities Epigastric tenderness may be piesent Vomiting 
occurs in 90 per cent of the cases The clinical picture may thus 
resemble appendicitis, gallstones, kidney stone or ileus Theie is usually 
letention of gastiic contents, with dilatation of the stomach and upper 
part of the small intestine, in other words, symptoms pointing to 
paitial obstiuction in the intestine, which has been inteipieted as spasm 
of the duodenum or uppei ileum We may also see the picture of 
acute dilatation of the stomach oi duodenum The vomitus is often 
bile-stained To this condition is added obstinate atonic constipation, 
with small lumpy stools and bloody mucus Vesical tenesmus may 
occur Fevei has been present in half of the cases 

The blood examination reveals normal conditions The blood seium 
does not, as a lule, contain hematin or hematopoiphyrin, and there are 
no signs of hemolysis 

The characteristic featuie is the abnormal condition of the urine 
during the attack It assumes a i eddish brown, poit wine oi malaga 
color, and, on spectioscopic examination, it is found to contain 
hematoporphynn, namely, uio- and enterohematoporphynn Urobilin 
and urofuscin may be found in the urine, which usually is very acid 
and scanty In one-third of the cases, albumin and casts have been 
found Sugai, hemoglobin, hematin and bilirubin aie not present 

The attacks mentioned usually occui several times a year, as in 
Case 1 A whole series of neivous symptoms giadually appear sensoiy 
disturbances, neuralgic pains, insomnia, the presence of hyperesthetic 
zones, psychoses, epileptiform attacks, deliiia and, finally, mild polyneu- 
ritic symptoms, such as radial or ulnai palsy with tenderness of these 
nerve ti links Complete paialysis and sometimes amaurosis may 
develop Ascending paralysis has been desciibed in about 50 per cent 
of the fatal cases Toward the end, in addition to paialysis of the 
extremities, paralysis of the sphincters, vocal cords and oculai muscles 
may set in, and the tendon reflexes disappear Death usually occurs 
a few weeks aftei the onset of an acute attack 


3 Snapper, I Deutsch med Wchnschr 48 619 (Mav 12) 1922 



636 


ARCHIVES OF INTERNAL MEDICINE 


The postmortem findings have been i datively few and ill-defined 
There has usually been degeneration of the livei with “siderosis ” The 
bile IS daik In the kidneys, there are usually fatty degeneration and 
hyperemia Chronic nephritis was found in one instance Brownish 
red granular pigment is found in the epithelium of the renal tubules 
Degeneration of the pancreas has been described, and in the stomach 
and intestine, erosions and hyperemia In the laige intestine, coating 
with mucus and pus has been found Siderosis of the spleen sometimes 
IS present 

The greatest attention naturally has been given to the neivous 
system, both central and peripheral , but as yet the findings have been 
few, inconstant and indefinite There seems to be agreement on the 
absence of inflammatory alterations Marked and widespread degenera- 
tion of the ganglion cells of the anterior gray horns of the cord and 
spinal ganglions has been met with, though relatively seldom In 
other cases, there have been degeneiation of peiipheral nerves and coi re- 
sponding muscular atrophy 

As to the deposition of hematoporphynn in the tissues, there has 
been practically no investigation which would be of interest, particulaily 
in connection with cartilage and bone 

The findings in our own case contain many points of interest, pai- 
ticularly m the absence of inflammation and degeneration of brain and 
cord cells, while the presence of parenchymatous degeneration of nerve 
fibers points to such nen^e degeneration as the cause of the marked 
muscular atrophy encountered Of further interest is the pigiuent 
deposit in the walls of the cerebral vessels and in the membranes of 
the spinal cord, the latter associated with fibrous thickening of the dura 
m the cervical region 

The second group of changes which dominates the anatomic picture 
consists of the severe artenosclei osis and nephritis The artenoscleiosis 
was general, but most pronounced m the brain, where it led to dila- 
tation and secondary thrombosis of the basilar artery, which was the 
immediate cause of death I consider it reasonable to suppose that the 
arteriosclerosis is part of the disease, as there was pigmentation as well 
as proliferation m the arterial walls and because arteiiosclerosis is a 
piominent feature of other autointoxications I have previously pointed 
this out in connection with affections of the parathyroids, abnormal 
calcification and osteomalacia ^ 

The chronic nephritis with atrophy should also be looked on as a 
link in the disease Both it and the arteriosclerosis are the expression 

4 Harbitz, Francis Pathologiske fund i hypofysen og glandulae para- 
thyreoidea, 1916, Et tilfalde av osteomalaci ined svulst av gland parathyreoidea, 

1915 
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of a long continued effect on the tissues of injurious toxic substances ° 
The liver degeneration is probably also of great importance foi the 
whole clinical pictuie 

In acute cases, the clinical pictuie, as well as the anatomic findings, 
may be quite different Thiough the kindness of Dr N B Grondahl, 
I am able to relate the following case, observed by him nearly twenty 
} ears ago 

Case 2 — Hisioiy — A woman, aged 27, a robust domestic, admitted to the 
Stavanger Hospital, Dec 31, 1904, about December 15 had complained of fatigue 
and loss of appetite This was followed in a few days by pain in the right 
iliac fossa, and within a week by severe pain under the left costal arch, with 
some tenderness December 30, she had a sudden attack of unconsciousness 
with clonic spasms, dilated pupils, and opisthotonos A similar attack occurred 
the following night Between the attacks, she was stuporous and did not respond 
to questioning 

Evaimnahon — On admittance, she was rather restless, with a pulse of 140, 
and with some general impairment of scnsibilit}" There was no tiace of 
paralj'sis The urine was yellowish red, and the coloring matter could not 
be extracted by chloroform 

Com sc — Jan I, 1905, there were five attacks of unconsciousness, the first 
four \ery brief, the fifth one of fifteen minutes’ duration, with clonic spasms of 
the right half of the bodj Januarj 4, she was very restless and had hallucina- 
tions of sight Hypnotics were required to produce sleep Fever was present 
January 8, she was very dull and had involuntary discharges The urine, 
which was dark brownish red, contained no albumin, sugar, or blood January 
13, the urine had become Burgundy red The patient was very weak and pale, 
and, January 15, she became cyanotic and completely apathetic The blood serum 
uas not discolored Chc 3 ne-Stokes breathing developed, and she died, January 
16 Urine obtained during the last few daj's of life was sent to the Physiologic 
Institute, and Professor Torup reported that it contained “hexahydrohemato- 
porph}Tin, a reduction product of hematoporphyrin produced by liver 
degeneration ” 

Ncci opsy (Dr Grondahl) — ^The meninges and brain were normal Hemor- 
rhages were seen in the epicardium and beneath the endocardium on the right 
side The heart was soft and small The lungs were normal The liver was 
small and very soft, almost mush}’’ The cut surfaces ivere yellowish brown 
with indistinct markings The spleen, kidncj's, stomach, intestines and genitalia 
showed no gross changes 

Histologic examination of the liver revealed degeneration of all liver cells, 
and there were numerous j’ellowish browm pigment granules, especially in 
the peripheral portions of the acini and in the vessels The epithelium of the 
biliarj’^ tract was normal A diagnosis of subacute liver degeneration was made 
In the kidneys, there was degeneration of the cortical epithelium and in both 
cortex and medulla the epithelium and interstitial tissue contained numerous 
pigment granules similar to those seen in the Iner 

Comment — The striking featuie of this case was the early appeal - 
ance of cerebral symptoms which evidently depended on the hepatic 
disease The abnormal condition of the urine was first observed at 
about the middle of the disease, the urine gradually growing darker 

5 Recently, Kleinschmidt (Frankfurt Ztschr f Path 28, 1920) reported 
a case of endogenous ochronosis with alkaptonuria, in which both arterio- 
sclerosis and chronic nephritis existed 
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on account of the presence of heinatoporphynn It is reasonable to 
consider the hematoporphyria as a symptom of the whole disease, par- 
ticularly of the liver aftection In many ways, this case differs from 
other cases of hematoporphynnuria Anatomically, it most closel} 
resembles acute yellow atrophy The cause of the disease is obscure 

In addition to the idiopathic constitutional form we have an acute 
toxic hematoporphyria This is best known as occurring after the 
prolonged use of sulphonmethane, and has been most frequently observ'ed 
m women However, as only a few patients taking this drug de\elop 
hematoporphynnuria, we must assume a special predisposition, probably 
dependent on physical and mental depression Serious cases have 
been observed after the ingestion of from 10 to 20 gm The symptoms 
resemble those described for the idiopathic form, with the triad of 
intestinal colic, vomiting and constipation Later, pigmentation of skin 
and mucous membranes is observed Most characteristic, of course, is 
the condition of the urine such as has been descnbed Nervous symp- 
toms, as neuralgic pains, paresthesias, palsies, and sometimes terminal 
ascending paralysis make their appearance The mortality, according 
to Gunther, is 90 per cent , but this figure is probably much too high 
The duration has varied from four to ten days Anatomically, 
degeneration and pigmentation of the liver have been found, sometimes 
also swelling and pigmentation of the spleen, toxic neuritis and scattered 
degenerations m the central nervous system The manner in which 
sulphonmethane produces hematopoiphynnuiia is not known 

Following IS a case of this kind, but with urobilin m the urine 

Case 3 — Histoiy — A woman, aged 21, was admitted to a hospital m May, 1908, 
with a diagnosis of hysterical insanity At the age of 16 she had been treated 
for an abdominal disease, probably tuberculous peritonitis Later, she developed 
obstinate diarrhea and cystitis, with foul urine For a time, albuminuria was 
present, disappearing in March, 1904 Later, the patient was troubled with 
constipation, dyspeptic symptoms and, a few times, vomiting of blood She 
often complained of headache, and for seven or eight years, she had been 
subject to attacks of hysterical laughing and crying During an attack of 
restlessness with hallucinations in March, 1908, she had been given barbital 
on fifteen occasions May 6, she was admitted to another hospital where she 
was given barbital, sulphonmethane, paralydehyd and hyoscm On account of 
the appearance of a morbilliform eruption, barbital was discontinued May 16, 
the urine became red, and hematoporphynnuria was suspected, but Professor 
Torup found the abnormal substance to be urobilin The patient became 
apathetic, and developed slight fever with sluggish pupils and loss of knee 
reflexes Otherwise, there were no definite physical signs She died. May 22 
During the period from May 16 to 18, she had taken a total amount of 10 5 gm 
of sulphonmethane, 1 5 gm of barbital, 10 c c of paraldehyd, and about 2 mg 
of hyoscm No hypnotic was given later than May 19 The urobilmuria lasted 
seven days 

Ncctopsy — There were no changes of the skin, meninges, brain, heart or 
lungs The liver was small (820 gm ) soft and dark, with a yellowish green 
olive-like tinge, with dark and indistinct markings The bile ducts were normal 
The spleen was also small (80 gm ), rather dark and soft The kidneys weighed 
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200 gm , and were firm with adherent capsules, indistinct markings and closely 
set yellow stripes in the cortex The urinary bladder was normal There 
were old adhesions about the ovaries and tubes, but no signs of active 
tuberculosis The stomach and intestines were normal 

Histologic examination of the motor area of the brain revealed no definite 
changes The peripheral nerves were not examined 

The mam feature was the liver degeneration, which was m a stage of 
transition to acute yellow atrophy The chronic nephritis is also of importance 

Similai cases of poisoning have been obseived aftei piolonged use 
of sulphonethylmediane Eleven cases have been leported Chronic 
lead poisoning also has been considei ed a cause of heniatopoi phyi inuria, 
and the presence of urobilin in blood and urine, pigmentation of the 
skin, cirrhotic changes in the visceia, colic and polyneuritis aie recog- 
nized features of lead poisoning In a recent study of industrial lead 
poisoning a Danish physician, Tage Plum ® found hematoporphyimuria 
to be very fiequent In control examinations of seventy other patients. 
Plum found hematoporphyimuiia in one case of ciiihosis with marked 
icterus, and in a patient with hemolytic icterus 

Among othei poisons said to have caused hematopoiphyimuria aie 
barbital, phenobarbital, acetanihd and nitiobenzene 

An interesting case of hematoporphyimuria ascribed to chloroform 
was leported from Noiway in 1901 by Johan Nicolaysen " 

Case 4 — Hisfoty — A woman, aged 29, came to the hospital in January, 1900, 
with supposed appendicitis The urine was dark yellowish brown, of specific 
gravity, 1039, contained no albumin, sugar, bile pigment or blood, and gave a 
red ring with Heller’s test The patient was discharged as recovered in a 
few weeks, but some days later she complained of pain in the back and right 
iliac fossa In April, she had a sudden attack of epigastric pain with intestinal 
colic, vomiting and constipation, and no particular tenderness at McBurney’s 
point 

Opciaiwn and Couisc — May 1, the appendix was removed, and was said to 
show signs of chronic appendicitis The next day, the urine was reddish brown, 
of specific gravity 1 035, and contained hematoporphyrin The patient recovered 
promptly Four months later, the urine was reddish yellow and acid, of 
specific giavity 1026, and contained uiobilin In October, 1923, Professor 
Nicolaysen reexamined the patient and learned that she had had no more colic 
or constipation, but that the urine had remained dark for many years Until 
ten years ago, she had frontal headache, with vomiting every week, and during 
these attacks, the urine was usually daik Now the urine was light yellow, oi 
specific gravity 1 015, and contained no albumin, sugar or pus 

Comment — It is reasonable to assume that this was a mild case of 
hematoporpbyrmui la and that the alleged appendicitis leally was an 
attack of the formei The chlorofoim naicosis appears to have ren- 
dered the hematoporphynnuna manifest Noteworthy is the subse- 
quent transition to uiohihnuria and the good state of health of 
the patient in later yeais We may here have a poiphyna with good 

6 Plum, Tage Nord Hyg Tidskr 2 191, 1921 

7 Nicolaysen, Johan Norsk Mag f Lsegevidensk 24, 1901 



640 ARCHIVES OF INTERNAL MEDICINE 

prognosis, a condition of which we know almost nothing, but which 
may be more common than we think 

A chionic form of hematoporphyi la has been desciibed, but it is 
raie and even of doubtful identity It is familial and congenital, 
becoming manifest in late childhood oi at middle age and occurring in 
paroxysms with long or short intervals, often with intestinal piodromes 
It IS particularly characterized by cutaneous lesions after exposure to 
light These consist of erythemas, vesicular formations, often marked 
pigmentation, and typical hydioa aestwale or vaccimfonne Some hours 
after exposure to light, especially in spring oi summer, there appear 
on the unprotected portions of the face and hands, the sensation of 
heat, Itching and formation of vesicles, sometimes with bloody contents 
Coryza, conjunctivitis, edema and diarrhea may be associated, the 
attack usually lasting from two to five days, during which time the 
urine becomes reddish brown and contains hematoporphyi m The 
cutaneous symptoms have been ascribed to deposition of hemato- 
porphynn m the skin Subsequently, the skin may remain thickened, 
the condition lesembhng scleroderma 

Thirteen cases have been reported as congenital hematoporphyi la 
They were characterized by repeated attacks of eruption after exposure 
to light, with associated hematoporphynnuna, as well as the presence 
of urobilin and urofuscin in the mine Pigmentation, eiythemas and 
vesicle formation, even with pus, occur, and subsequently, cicatrix 
formation and mutilation of the nose, eyes, ears and fingers The latter 
become atrophic, often ankylosed, with defoimed nails, and whole 
phalanges may be lost Hence, the affection may closely lesemble 
leprosy or syringomyelia It is said that the disease, in part, occuis when 
the patient is neuropathic, and m individuals with a tendency to pigmen- 
tation and strong growth of hair The eyes may be the seat of yellow- 
ish pigmentation, severe conjunctivitis and, later, keratitis and iritis, 
with resulting ulceration, leading to blindness Enlargement of the 
spleen may exist, but symptoms on the part of the nervous system are 
lacking, and the blood picture is normal Anatomically, we may find 
a large, brownish red spleen with abundant pigmentation, as well as a 
cirrhotic and pigmented liver, while the kidneys are free from pigment 
Pigmentation is also found in the bones and the cement of the teeth, 
especially in a case reported by Hegler, E Frankel and Schiimm ® 
The cranium, sternum, and ribs were brown, the cartilages white 

AFFECTION OF ANIMALS 

In otherwise healthy cattle, horses and hogs, a condition has been 
described which seems to be identical with, or at least closely i elated 


8 Hegler, Frankel and Schumm Deutsch med Wchnschr, 1913, p 18 
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to human hematoporplu ria This is the so-called ochronostis char- 
actenzed by reddish bi oi\ n or chocolate bro^^ n discoloration of the bone 
tissue The cartilage is not in\ olved, while in human beings the reverse 
IS true the cartilage being blackened while the bones are normal The 
color depends on deposits of substances one of which, according to the 
chemical and spectroscopic properties, is hematoporph} rin The condi- 
tion IS rare and has not been closel} studied To my knowdedge no 
case has been obser\ed in Norway Alexandra Ingier° while w^orlang 
with Schmorl in Dresden, studied the affection in an ox and a hog 
and found a pigment which proved to be a hematoporphynn She 
looks on ochronosus as a metabolic disorder dependent on certain enz} me 
activities 

GCXER-\L COMMEXT 

The essential feature being the presence of hematoporph) rin m the 
unne we will describe this substance m furtlier detail ^Vhen pro- 
duced artificial!) from hematin it is reddish violet, but if in a strong!) 
acid solution, it is of a purple hue It is insoluble m water and weak 
acetic acid sparingly soluble in ether and chloroform and soluble in 
alcohol in dilute acids and alkalis In glacial acetic acid, it dissoh*es 
witli formation of thin rhombic reddish brown cr)stals It has no 
definite chemical reactions, but a t)pical spectroscopic picture To 
observe the latter, it is customar) to extract with alcohol containing a 
little h)drochloric acid or by shaking the unne with equal paits of 
acetic ether with addition of a little 30 per cent acetic acid (Saillets 
method) In legal medicine, spectroscopic examination for hemato- 
porph) rin IS used in the examination of suspected blood stain in decom- 
posed material extraction with concentrated sulphunc acid for fifteen 
or t\\ent) minutes being emplo)ed We do not as yet know what 
hematoporph) rm really is and Avhere and whereof it is formed It is 
generall) thought that it is formed from hemoglobin by the splitting off 
of the iron for it is free from iron Its chemical formula is generall) 
given as Cn-HisNoO, or Cg^HssN^Oc Experimentally, it is readil) 
prepared b) treating hematin with h)drobromic acid and glacial acetic 
acid, and this is the “porphyrin the solutions and spectrum of which 
are described in technical works 

It was thought that this “genuine ’ hematoporph) rin was identical 
wnth the coloring matter found in the urine m the diseased condition 
described by us but the matter is not so simple '\\^e have gradually 
learned that tliere are se\eral porphyrins in addition to the artificial 
one, a urohematoporph) rm and an enterohematoporph) rm or copro- 
hematoporph) nn are found in the urine in this disease The last 
named substance can be obtained also from the stools when much blood 

9 Ingier, Alexandra Ziegler’s Beitr 25 199 1911 
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IS given m the food as it forms during the decomposition in the intes- 
tine, but it IS not absorbed and does not seem to play any important 
role (Hans Fischer 

What is the source of the porphyrin found in the urine and blood 
in the disease porphyria^ There is apparently no destiuction of red 
cells with decomposition of their coloring matter, and hematoporphy- 
rinuria does not occur in connection with hemolysis nor in hemo- 
globinemia or hemoglobinuria While there is no direct decomposition 
of hemoglobin or transformation of it or hematin to hematoporphynn, 
there is every reason to believe that hemoglobin is its source 

Nor are the porphyrins likely to be formed in the intestinal canal, 
absorbed in the blood, and excreted in the urine They must be due 
to endogenous formation in the body cells, but we do not know in 
which ones It is natural to think of the liver as the place of formation, 
especially as pronounced disease of this organ has been demonstrated 
(as in our Cases 2 and 3) The frequent simultaneous appearance of 
urobihnuna supports this view, as it is considered a sign of hepatic 
insufficiency This intimate association between the two substances 
was shown in our Case 4 , in which urobihnuna followed hem- 
atoporphyrinuria It has been thought that bilirubin may furnish 
material for hematoporphynn (hydrobilirubm resembles urobilin and is 
isomeric with it) , but we know nothing about it Recently, the muscle 
pigment, myohemoglobin or myohematin, has been thought of as a 
source, but its genesis also is not clear However, by the action of 
sulphuric acid, a porphyrin may be split off from it 

We are also in ignorance in regard to the toxic hematoporphynnuiia 
in poisoning with sulphonmethane, sulphonethylmethane and lead, but 
the genesis is probably the same as in the idiopathic form 

As has been stated before, a special disposition seems essential, a 
reduced mental and bodily vitality Greatly increased breaking down 
of muscle substance may be a factor As regards the pathogenesis, we 
may assume that the hematoporphyrins have a toxic action and produce 
degeneration in the nervous system and possibly also arteriosclerosis 
and chronic nephritis This is supported by certain experimental 
data, but it is not by any means proved It must in particular be remem- 
bered that the congenital form is not associated with actual toxic 
phenomena, but with a photosensibilization 

10 Fischer, Hans Munchen med Wchnschr 70 1143 (Sept 7) 1923 

11 Snapper (Footnote 3) has recently claimed that the symptoms in this 
disease are produced by pressure on the retroperitoneal nerve plexuses (>n 
one of his cases, by tuberculous glands, and in another by a hydronephrosis), 
resulting in hemorrhagic erosion of the stomach, intestinal colic, and an 
injurious influence on the liver, and formation of hematoporphynn This 
however, seems to me improbable as demonstrable abdominal lesions, which 
might have such injurious influence on the nervous system, are usually lacking 
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Meyer and Colin, ^ in 1911, studied the eflect of various salts on the 
weight and mineral balance in noimal infants Tliey found that by 
giving calcium salts they could cause a decrease in weight due to w^atei 
loss In the case of calcium chloiid, the} found that the calcium ion 
seemed to be largely excreted in the stool, wdiile the chlorin ion w^as 
excreted in the mine in combination wnth othei bases 

Schultz,^ m 1918, rcpoited ninety-three cases of w'ar nephiitis 
which he had observed and tie.ited On the basis of the w'ork of Meyer 
and Cohn, he tiied the eftect of large doses of calcium chloiid, and m 
many instances the edema disappeaied completeh The calcium w'as 
not ahva}S effectne, howe\er In ccitain of the lesistant cases, there 
was apparentl} also a caidiac factoi, and occasional!} a combination of 
digitalis and calcium produced diuresis and loss of edema fluid 

Hulse,'^ 111 1920, reported eight cases of w^ai nephritis w'lth edema 
treated successful!} by doses of calcium chlorid of fiom 15 to 20 gm 
a day He belie\ed (hat the calcium m some manner fieed the sodium 
chlorid and W'ater that were held by the tissue colloids Pie emphasized 
the fact that, besides the i eduction of the edema, renal function 
improA ed definitely 

Blum ‘ and his colleagues, in stiuhing the action of vaiious dmietics 


*Work done in the Duision of Medicine, Mayo Clinic 

1 Me3'er, L F, and Cohn, S Klinischc Bcobachtnngcn und StofYwcchscl 
Vcrsuche uher die Wirkung vcrschicdcncr Sa]7e bcini Sangling, Ztschr f 
Kindcrh 2 360-419, 1911 

2 Schiilt7, E Klinischc Bcobachtnngcn nber Nicrcncnt7undung bci 
Knegsteihichmern, Ztschr f klin Alcd 86 111-138, 1918 

3 Hulse, W Ueber den Einflnss dcr Kalksal7c auf Hj'drops und Nephritis, 
Zentralbl f mn Med 41 441-454 (June 19) 1920 

4 Blum, L Le traitcment des affections inflamniatoircs dcs scrciiscs par 
Ic chlorure de calcium, Presse med 30 221-225 (March 15) 1922 Blum, L , 
Aubel, E , and Hausknccht, R L’action diurdtiquc dcs scls dc calcium dans 
Ics oedemes generalists Mccanismc dc cette action, Bull ct mem Soc med d 
hop de Pans 45 1561-1569 (Nov 25) 1921, Action diurctiqiie dcs sels de 
calcium Mecanisme de cette action, Compt rend Soc de Biol 85 950-952, 
1921, Modification dc la composition mmeralc du sang et dcs humeurs apies 
ingestion dc chlorure dc calcium, Compt rend Soc de Biol 85 1159-1162, 1921, 
L'action diuretiqiie dcs sels dc calcium dans la nephrite avee oedemes. Bull et 
mem Soc med d hop de Pans 46*206-214 (Feb 3) 1922 Bliim, L , Aubel, E, 
and Levy, R L’action diuretique des sels dc potassium dans Ics epanchements 
ascitique et dans Ics oedemes dits esscnticls. Bull ct mem Soc med d hop de 
Pans 45 1504-1513 (Nov 18) 1921 Blum, L , and Bang, O L’action diuretique 
dcs sels de calcium dans I’ascite de la cirrhosc du foie. Bull et mem Soc mtd 
de hop de Pans 45 1569-1572 (Nov 25) 1921 Blum, L, and Schwab, H 
L’action du chlorure de calcium dans les hydropsies cardiaqucs. Bull et mem 
Soc med d hop dc Pans 46 214-220 (Feb 3) 1922 



644 


ARCHIVES OF INTERNAL MEDICINE 


on edema, m 1921, found that large doses of potassium salts (10 gm 
a day) reduced edema Fearing the toxicity of these salts, they turned 
to calcium, and found that they could substitute 10 gm a day of calcium 
chlorid with equal benefit They secured very good results in causing 
a disappearance of the edema of nephritis and of the idiopathic edema 
of the nephrosis type No benefit was obtained in cases of edema of 
cardiac origin , in fact, a few of the patients became worse In ascites 
due to cirrhosis of the bvei, and in pleurisy with effusion, the amount 
of fluid was diminished, or removed entirely in certain cases Blum 
and his associates studied the electrolytes in the urine, and found that 
the calcium apparently caused increased excretion of sodium When 
the sodium ion was retained, water was retained with it , when it was 
excreted, diuiesis occurred These observers also found that calcium 
did not produce good results unless the patient was on a diet that was 
also low in salt, and that giving both calcium and sodium chlorid pro- 
duced little change These conclusions have been confirmed in part by 
the work of Brelet ® and Krummenacher ® 

Atchley, Loeb and Benedict ^ studied the electrolytic partition in the 
blood and urine in a case of diabetic edema under treatment with cal- 
cium chlorid They also found that the chlorin ion was largely excreted 
in the urine as the ammonium salt The excretion of the sodium ion 
m the urine was markedly increased, while the excretion of the calcium 
and potassium ions was only moderately increased 

Haldane, Hill, and Luck ® tried the effect on the normal person of 
large doses of calcium chlorid taken by mouth They found that theie 
was marked increase in the output of ammonia in the urine, and 
believed that the bicaibonate ion was replaced by the chlorin ion in the 
blood and possibly also in the tissues, and that a mild acidosis resulted 
They thought it possible that the increased acidity brings the proteins 
of the blood and tissues nearer their iso-electric point and releases the 
cations which are held m Donnan equilibrium, causing a fall in osmotic 
pressure and a consequent loss of water This hypothesis will not 
explain results such as we have secured with calcium lactate Bowler 
and Walters,® in their experimental work on the intravenous injection 
of calcium chlorid, have also confirmed this marked diuretic action 

5 Brelet, M L’action dmretique des sels de calcium, Gaz d hop 95 905- 
906, 1922 

6 Krummenacher Le traitement de la pleuresie avec epanchement par le 
chlorure de calcium, Ann d med 13 204-242 (March) 1923 

7 Atchlej', D W , Loeb, R F, and Benedict, E M Physicochemical 
Studies of Calcium Chlorid Diuresis, J A M A 80 1643-1644 (June 2) 1923 

8 Haldane, J B S , Hill, R , and Luck, J M Calcium Chloride Acidosis 
J Physiol 57 301-306 (June) 1923 

9 Bowler, J P, and Walters, W Clinical Results of Intravenous Iniec- 
tions of Calcium Chlorid, to be published 
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Fischei has emphasized the dehydrating action of various salts on 
the difleient tissue colloids of the bod} Some of the lesults following 
administiation of these laige doses of calcium might possibly be mtei- 
preted m the light of his geneial theoix of the deh}diatmg action of 
large amounts of salt 

We are here lepoitmg seven cases of edema m uhich calcium was 
used Our hist observations veie made m Septembei, 1922 Because 
Bowlei and Walteis had found that administiation of large doses of 
calcium mtiavenoiish lesulted m toxic s}mptoms, we did not use the 
doses recommended m the hteratuie, but much smaller ones, with not 
very satisfactoiy i exults The lesults of Bowder and Walters appai- 
ently do not apph to laige doses of calcium given b} mouth In Apiil. 
1923, tve ga^e calcium in large doses foi the hist time, in a case of \ei\ 
resistant diabetic edema The lesiilts weie speclaculai 

RLPCRT or CAsns 

Case 1 — — \ man, aged 43 canu to tlic Ma\o Clinic, March 30, 1923, 
for treatment with insulin He liad had ghcosuria for fourlccn months with 
duodenal ulcer, for which a gasliO'tntcio‘'tom 3 had been performed .it the clinic 
He had been under dictar\ nianagtiiKut for diabetes .it the cluiic, and had 
returned home In the interim, he had become somewhat discouraged, and had 
not paid close attention to his diet The details of his st.a\ in the hospital ma\ 
be noted m Chart 1 and lahlc 1 

Tualmcnt and Cornu - — Ihe patient’s weight lose from 129 to 187 pounds 
(586 to 85 kg ) m sc\entccn da\s At the beginning ol the second period 
(Chart 1), treatment with insulin was started, and the diet and insulin dosage 
were maintained with little ch.ange tluoughout his stae m the hospital The 
urine was practicalh sugar free at all times In the third and fouith period, an 
attempt was made to control edema bj the Kan ell diet, In a dr\ diet ver\ low 
in salt, and by magnesium sulphate guen three times a dae Instead of reducing 
m w’cight, he actualh gamed during this time The uiinc output was pet- 
sistently low" April 16. calcium lact.ite w'as started (6 gm .i dae ) The fiist 
dose was given at noon Dining the afternoon and evening a moderate diuresis 
appeared for the first time, and for this twenti-four hour jieiiod, the urman 
output was more than twice that of an\ dav m the preceding week On the 
second daj% the patient had a little diairhea, and the urine output diminished, 
although the enormous doses ot magnesium sulphate gi\cn prcMousle had not 
caused this During the fifth, sixth .ind seventh periods, the calcium lactate 
W'as graduallj increased until the patient was receiving 12 gm a d.n The 
urine output increased markedh, anil the w'Cight fell lapidh In the eighth 
period, the calcium was stopped m order to determine positively w'hether the 
diuretic effect was due to the calcium In this three-day period, the diuresis 
was cheeked, and the w'eight lemamed constant, w'hile the nitrogen balance of 
the patient, for some unknown reason, became negative Tansen “ has shown 
in a metabolic study of famine edema, that most cases appear to ha\e a negatne 
nitrogen balance With the exception of the thrce-da\ period, this was not 
true in this case When administration of ealcium w-as resumed m the ninth 


10 Fischer, M Oedema and Nephritis Ed 2 New' York, John Wiley &. 
Sons, 1915 

11 Jansen, W H Die Odemkiankheit, Dcutseh Aich f klin Med 131 * 
144-200 (Feb ) 330-370 (March) 1920 
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Chart 1 — Findings in Case 1 
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period loss of -weight and diuresis reappeared In the tenth period, the patient 
w'as allowed his regular diet, which contained a great deal of w'ater, and the 
calcium was also continued In the elcAcnth peiiod, the calcium wms discon- 
tinued and the patient was kept under observation, but edema did not recur He 
was dismissed from the clinic, Mav 21, and has not had a recurrence of edema 
for five months 

T \BLE 1 — Effect of Calcium in Diabetes j\lclliti(s zoitJi Edema (Ca<:c 1, a 
Mall, Aged 43, height, 5 Feet PYi Inches) 
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+13 +10 

5/ 5/23 

147 

1 440 

',300 

+21 +20 

+15 +14 

5/ 0/23 

151 

1,440 

4,000 



5/ 7/23 

148 

1,440 

4,200 

+28 +25 

+18 +21 

5/ S/23 

148 

1,449 

5,700 



5/ 9/23 

147 

1,440 

4,000 . 

+70 +00 

-*-01 +52 

5/10/23 

140 5 

2,407 

5,900 



5/11/23 

140 

2,407 

4,900 

+51 -1-55 

+43 +4i 

5/12/23 

147 

2,007 

3,700 



5/13/23 

150 

2,601 

3 300 



5/14/23 

147 

3 057 

4 OOO 

+ 53 +58 

+44 +49 

6/15/23 

148 

2,872 

0,000 



5/10/23 

148 

2 872 

4 COO 

(-23 -1-29 

+10 +21 

5/17/23 

145 5 

2,872 

4,000 



5/18/23 

145 

3 072 

3()00 

+25 +27 

+20 +22 

5/19/23 

147 5 

3,072 

2,800 



5/20/23 

150 

!,072 

3,000 



5/21/23 

147 



+25 +33 

+19 +27 


The figures for fluid intake (Table 1) may seem a little high, but this is 
because they w'ere calculated to include the w'atcr m the food and the watei of 
metabolism besides llie actual fluid intake 

Studies on the Chcmiitiy of the Blood — A few' chemical studies were made 
(Table 2) There was no acidosis The serum calcium wms not increased by 
calcium treatment These two readings are no indication, however, of wdia't 
w'as going on during the period of the elevation of the metabolic rate, since the\ 
w'cre taken prior to that time A tw'cnty-four hour electrolyte partition of the 
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blood and urine was made, but showed nothing of especial significance Blood 
volume and concentration studies were also made (Table 3) During the height 
of the edema, the blood showed considerable concentration, and during the 
diuresis, a loss of solids with resulting dilution This is in accordance with 
the findings of Brown and Rowntree’" in certain cases of edema 

Basal Metabolic Rate — One of the interesting points in this case is the change 
in the basal metabolic rate that followed the administration of calcium (Table 1) 
There was a marked increase during the period of calcium administration 
There were no symptoms of hyperthyroidism, such as tachycardia, during this 

Table 2 — Blood Chcmistiy m Diabetic Edema Treated by Calcium 

Chloitd (Case 1) 


Carbon 


Uric 

Sugar, Dioxid, 

Urea, 

Acid, 

Date Mg per Cent 

Period of Rising Edema 

3/29 229 56 

4/10 

Mg 

Mg 

4/11 

Period of Palling Edema 

4/21 

5/10 170 59 

55 

1 5 

Urinalysis, Twenty-Pour Houi Specimen 



il20 


Ammo 


Creat- 

Cal 



acid 

min. 

cium. 

Chlorin, 

Sodium, Nitrogen, 

Mg 

Mg 

Mg 

Mg 

Mg 


88 




20 

89 

222 

36 

5 84 


Gm 

Gm 

Gm 



0 25 

3 4 

53 



period, and the patient did not have goiter The only suggestive features were 
an unusually good appetite and a slight tendency to night sweats All readings, 
with the exception of the first two, were taken in duplicate, and as the technic 
was that of the usual routine in the Mayo Clinic, as described by Boothby and 
Sandiford, we have no reason to question their accuracy 

Disciission — The cause of the consistent and marked rise in the basal 
metabolic rate toward the end of the period of calcium administration 
and as the edema was decreasing is unknown Evidence possibly tending 


Table 3 — Hydicima Study (Case 1) 


PlasmT Volume 

, 

Total, C c per 
Date G c Kg * 

Period of Rising Edema 

4/10/23 3 600 43 

Penod of Palling Edema 

5/12/23 4,493 64 

* Normal value, 50 c c per Lg 
t Normal value, 85 c c per Lg 


, Blood Volume 



Hemo 
, globin 
(Palmer), 
per Cent 

Water in 
Whole 
Blood, 
per Cent 

Water in 
Plasma 
per Cent 

Total, 

Gc 

, 

C c per 
Kg t 

6,000 

72 

132 

78 

93 

6,418 

91 

90 

85 

92 3 


to indicate that the increased metabolism was not due to the administration 
of calcium lactate was obtained by one of us, who took, with negative 
results, 259 gm of calcium lactate over a two-week period at the rate 
of 18 gm a day, and during the last five days was on a nephritic salt- 
free diet which contained less than 1 gm of sodium chlond (Table 4) 

12 Brown, G E, and Rowntree, L G Volume and Composition of the 
Blood in Edema, to be published 
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It IS note^\olth} that in this expeiiment on the normal subject the cal- 
cium content of the blood serum did not inciease, noi was there any 
alteration observed m the electi ocardiogram taken at the end of the 
period Because of the evidence obtained in this expeiiment of a 
failure of absoiption, or at least of no inci eased concentration in the 
blood, it IS of no value in excluding the possible effect on the basal 
metabolic rate of raising the calcium content of the blood 


Table 4 — Effect of Calcium on the Ba<:al Metabolic Rate of a Noimal Man 
(R R, Aqcd 26, Height, 5 Feet SVi Inchci) 





Respir- 

Reepir 

Basal 

Total Calcium 

Scrum 


WeiRht, 

Pulse 

nton 

atorj 

Metabolic Lactate 

Calcium 

Date 

Pounds 

Rate 

Rate 

Quotient 

Rate 

Giien, Gni 

Mg 

6/ 9/23 

ISGV. 

70 

35 

032 

—1 

0 



70 

12 

OSl 

— c. 



G/n/23 

3S7>t 

79 

14 

082 

+3 

0 



SO 

13 

0 83 

+1 


10 2 

C/15/23 

1S7 

09 

15 

OSS 

2 

43 



i > 

17 

0S3 

.o 



C/lS/23 

ifsy. 

74 

17 

0 82 

■ — 4 

97 



•-rt 

1 

ir. 

082 




C/20/23 

1S71A 

7S 

If. 

0 81 


133 

11 8 


S3 

10 

0 81 

1 ^ 



0/25/23 

lEC’A 

C9 

17 

( T*> 

-4 

223 




1 > 

1C 

C70 

— (. 



(1/27/23 

1S5U_ 


10 

0 67 

— I 

259 

10 9 

72 

■'5 

OSC 





Table 5 — Effect of Calcium in a Case of Diabetes Mclhtus xvith Edema 
(Case 2, a Man, Aged 32 Ihight 5 Ftit OVi Inchc<;) 




riuid 

Urine Basal Metabolic Rate Calculated on 

Total 


Welglll, 

IntaLe, 

Output, , , 

Calclun 

Date 

Pounds 

Oc 

C c Actual Weight Preedema Weight 

Gm 

I Period of Kisinp 3 dema 




5/31/23 

118 


2.COO 


0/ 1/23 



2, SCO 


C/ 3/23 



3,200 


0/ 4/23 

125 


4,500 


Cl 5/23 



3,C00 


G/ G/23 



3G00 


0/ 7/23 

132,5 


2, 850 


G/30/23 



1,450 


G/11/23 

134 5 


2,100 


C/12/23 

137 

2,031 

1,550 —4 —3 +2 -4 2 


G/13/23 

137 

3,271 

2,500 


11 Salt-free Brj Diet 




0/14/23 

137 

1,172 

1,550 


6/15/23 

I’C 

1,372 

1,400 -12 —14 —7 —9 


C/lC/23 

134 

1,472 

1,000 


III Calcium Lactate (18 sm 

dall\) 



c/17/23 

134 

1,572 

1,700 

18 

G/18/23 

134 

1,572 

000 

SO 

C/10/23 

134 

1,572 

1,100 

54 

C/20/23 

13-4 

1,372 

900 

72 

0/21/23 

132 5 

1,472 

700 

00 

G/22/23 

132 5 

1,072 

800 

lOS 


Case 2— A man, aged 32, weighing 118 pounds (53 6 kg ), who had had dia- 
betes for a year and a half, following admission to the hospital, May 31, 1923, 
attained a weight of 137 pounds (62 2 kg) in about twelve days The details of 
his stay m the hospital are shown in Table 5 During the second peiiod (Table 
5), he was given a dry salt-free diet, but did not lose appreciably In the third 
period, he was started on 18 gm of calcium lactate daily, but this had no effect 
on his weight or urine output except for the gradual loss of a pound or two 
In the fourth period, calcium chlorid m the same dosage was given June 23, 
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because of trouble at home, he was forced to leave the hospital, although he 
still had edema He took 18 gm of calcium chlorid for a week at home, and 
then wrote that the edema had almost entirely disappeared and his weight had 
been reduced to 127 5 pounds (58 kg ) During his stay in the hospital, both 
the salt and the water intake was limited, and this regimen was continued, in part 
at least, at home 

Discussion — Most of the observations on the effect of calcium on 
edema have been made with calcium chlond Blum discusses the rela- 
tive advantages of calcium chlond and calcium lactate He believes that 
the chlorm ion is mainly excreted in the urine, and the calcium ion in 
the stool, so that more sodium will be driven from the body if the excess 
of chlorm is used, since the excretion of the chlorm ion by the kidney 
will carry sodium with it In Atchley’s case, considerable chlond was 
excreted with ammonium, rather than with sodium, and this finding is 
confirmed m the work of Haldane, Hill and Luck The acidosis caused 
by the large doses of chlond given by these workers probably explains 
this discrepancy Meyer and Cohn, in one experiment with calcium 
lactate, found an increase rather than a decrease in body weight 

Calcium chlond is much more difficult to take than calcium lactate 
Gastric distress, nausea, vomiting and diarrhea are not uncommon, 
although these can be avoided to some extent by giving the drug in 
capsule form We believe, therefore, that calcium lactate should be 
tried first, and if this is not effective (as m two cases reported here) , an 
attempt should be made to use the chlond 

It must be remembered that in changing from the same dose of 
calcium lactate to calcium chlond, the same amount of calcium is not 
being given Because of the higher molecular weight, the percentage 
of calcium by weight m calcium lactate is 13 per cent , while it is about 
27 per cent in the case of calcium chlond (U S P ) Thus, in substi- 
tuting calcium chlond, we are increasing the dosage of calcium as well 
as adding the effect of the chlorm ion All investigators observe cases 
which, for no known cause, are refractory to any foim of calcium 
treatment 


Case 3 — A man, aged 41, who had moderately severe diabetes and severe 
acidosis, showed a plasma carbon dioxid capacity of 28 per cent He was placed 
on restricted diet and insulin, and the acidosis gradually disappeared In the 
course of sixteen days, his weight rose from 129 to 157 5 pounds (58 6 to 
716 kg), and there was considerable generalized edema visible (Chart 2) He 


13 Since the foregoing was written, \ve have observed another patient with 
diabetes and edema He was given 18 gm of calcium lactate each day for three 
days, during which time his weight rose from 135 pounds to 143 pounds (from 
612 to 64 9 kg) Nine grams of calcium chlond was substituted for five da^s, 
which w'ould give approximatelj’^ the same amount of calcium by weight daily as 
that in the lactate Diuresis occurred promptl}^ and the patient’s weight dropped 
from 143 to 129 5 pounds (612 to 58 5 kg), and all vesicle edema disappeared 
There was no restriction of water and salt during this time 
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was then given large doses of calcium without restriction of Ins intake of w'ater 
and salt Calcium lactate was used first, and then, to hasten the process, a 
change was made to the same dosage of calcium chlorid After fifteen days of 
ealcium treatment, the visible edema had entirely subsided The diet through- 
out consisted of carbolndiate, 40 gm , protein, 57 gm , and fat, 179 or 235 gm 
A.bout 40 units of insulin w'cre used daily The figures given for fluid intake in 
this case also include the w'ater in the food, and the water of metabolism as w'ell 
as the actual fluid intake 


•BA5AL 
HETABOLIC 0 



• • BASAL nETABOLlC RATE rRB'EDEHA 

• •BASAL METABOLIC RATE ACTOAl WEIGHT 

• •WEIGHT 

•-- - ♦URINE VOLUME 

o oTLUlD INTAKE 

Chart 2 — Findings in Case 3 

Discussxon — The Fiench obseiveis especially have called attention 
to the necessity for coincidental lestriction of salt and water in order 
to secure results with calcium In this case, we attempted to determine 
whether calcium would have a diuietic action without any salt and 
water restriction It did have a definite diuietic effect Doubtless, the 
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coincidental limitation of salt and water aids the action of calcium in 
reducing edema In certain cases, such restriction alone is sufficient to 
clear up edema Nevertheless, it is evident from this observation that 
the diuretic action of calcium and its therapeutic effect on edema is 
sometimes independent of salt and water restriction 

It will be noted that the final weight of this patient, 138 pounds 
(62 7 kg ) , was considerably above the initial weight of 129 pounds, 
although there was no visible edema This discrepancy, we believe, is 
due to two causes, one a true gam of fat and muscle, the result of 
dietary treatment and administration of insulin, which, from our experi- 
ence in previous cases of this type, we believe might have been from 
5 to 10 pounds (2 2 to 44 kg ) and the other, a correction of initial 
dehydration The rise in the basal metabolic rate we believe to be due 
to the improvement in nutrition 

Case 4 — History — K man, aged 58, came to the Mayo Clinic, Aug 7, 1923, 
because of generalized edema and dyspnea 

Evammahon — Typical chronic glomerular nephritis was found, which, 
according to the history, dated back to an upper respiratory tract infection seven 
months before There was albumin 3 in the urine and many casts The 
phenolsulphonephthalein test showed a 30 per cent return The blood urea 
was 37, the creatmin 2 3 and the uric acid 6 4 mg for each hundred cubic centi- 
meters The systolic blood pressure was 160, the diastolic 100 

Tieatment and Coufse — The patient was placed on a diet of 40 gm of protein 
which was salt-free, with restriction of fluids to 800 c c , and 10 gm of calcium 
lactate in powder form was administered daily by mouth The clinical course 
during the period of hospitalization is shown in Chart 3 Edema disappeared 
rapidly, and was absent for the first time in three months The blood pressure 
became normal in eight days and remained so In thirteen days, the blood uric 
acid went down to 3 6 mg , the urea to 24 mg , and the creatmin to 1 2 mg for 
each hundred cubic centimeters, while the urine showed only a trace of albumin 
and no casts In fifteen days, the phenolsulphonephthalein output rose to 60 
per cent The effect of the calcium lactate seemed to wear away gradually, so 
that, by August 12 and 13, the diuresis was checked As a result of administra- 
tion of the same dose of calcium chlorid, however, diuresis occurred again, per- 
sisting until the weight was down to normal 

Second Admission — ^The patient was well for two weeks after leaving the 
hospital Then edema began to recur and gradually increased until he entered 
the hospital again, one month later, with a weight of 154 pounds (70 kg ) The 
administration of calcium eWorld, 18 gm daily, was resumed, with restriction of 
salt and water A marked diuresis again resulted, and the weight fell as much as 
5 pounds (22 kg) a day, reaching 118 pounds (53 6 kg) the twenty-third day 
On the second admission, the phenolsulphonephthalein output was 22 per cent 
When the weight had returned to normal, it was 55 per cent 

Discussion — ^The improveinent of renal function after the reduction 
of edema is of especial interest in this case Hulse called attention to 
this in connection with his use of calcium in war nephritis He asenbed 
it to a possible action of calcium on the sympathetic nervous system, 
causing a relaxation of vascular spasm It would seem to us more 
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jjlausible that edema of the kidney, coincident with the general edema, 
intei feres ^\lth renal function, and that on the disappeaiance of this 
renal s\\elhng, impiovement in function occurs such as may be noted 
after decapsulation of the kidney, or m lecovery from cardiac decom- 
pensation In tins case also, the ad\antage of calcium chlorid over the 
same dose of calcium lactate is ewdent from the fact that after the 
influence of the calcium lactate was no longer apparent, calcium chlorid 
vas still eftective 
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CALCIUM THERAPY IH CHROMIC GLOMERULfiR NEPHRIT/5 
Chart 3 — Findings in Case 4 


Case S — A man, aged 37, came to the clinic with nephrosis and edema, A\hich 
had been present intermittently for eighteen months, and continuously ^r two 
months In spite of the administration of 18 gm of calcium lactate for six days, 
and 18 gm of calcium chlorid daily for six daj'^s more, there was no diuresis, 
although there uas a gradual decline in weight from 188 to 167 pounds (85 4 to' 
76 kg ) in eighteen days The salt and water intake were limited throughout the 
entire period, and frequent hot packs and sweats were guen 
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Discussion — In this case, we cannot say that the calcium had any 
effect The restriction of salt and water may have been responsible for 
the loss of weight On the other hand, the hot packs and sweating may 
have obscured a tendency to a rise m urine output due to the calcium 

Case 6 — A youth, aged 19, came to the hospital because of nephritis which he 
had had since childhood, but more particularly because of generalized edema of 
one month’s duration He had chronic glomerular nephritis and general edema 
and was kept in the hospital for twenty-eight days (Chart 4) Salt was 



CkLClUn THEKAPY IH HEPtmiTlS 
Chart 4 — Findings in Case 6 

restricted, and the daily fluid intake was limited to 800 c c throughout Calcium 
lactate was also used, and the edema subsided completely This patient returned 
to the hospital m three months with a rather marked nitrogen retention, which 
had not been present before Despite this evidence of progressive nephritis, 
edema had not recurred 

Discussion — In this case, we do not feel convinced that the drop m 
weight w^as due to the calcium alone, since this had started before cal- 
cium tvas tried Hotvever, the diuretic effect of the calcium was marked 
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(Chait 4) The edema was lost without any significant vaiiation in 
the basal metabolic late 

Case 7 — Hi^ioiy — A man, aged 35, entered the clmic, May 21, 1923, because 
of edema, which he had had for about three months His renal function, except 
for poor excretion of water and salt, was good, and a diagnosis of nephritis of 
the nephrosis type was made 

Ticatment and Com sc — The patient was kept on a low fluid intake for seven 
dajs with but 4 pounds (IS kg ) loss in weight, and with no diuresis or notice- 
able change in edema He was then put on calcium lactate, 18 gm a da}^ for 



CflLCIun THERRP-Y IH ISEPURtTlS 
Chart 5 — Findings in Case 7 


periods of four days, with intervals between in which calcium was not given In 
each period in which calcium was given, there was diuresis with loss of edema 
fluid, which stopped when the administration of calcium was discontinued In 
thirty-one days, there was a loss of 20 pounds (9 kg ) The total dosage of 
calcium was 188 gm The administration of thyroid extract in the sixth and 
seventh periods, while causing an elevation of the basal metabolic rate, did not 
increase the loss of water 

After the patient left the hospital, he was free from edema for a month It 
then recurred slightly, following a cold and diarrhea He was on a salt-free diet 
throughout, but this seemed to have no influence on his condition He returned 
to the clinic in October, 1923, \vith a trace of edema about his ankles, and 
weighing 148 5 pounds (67 5 kg ) The edema was again controlled with calcium 
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GENERAL COMMENT 

Denis and Minot and others have shown that the upper limit of 
serum calcium tends to be fixed, and that it seems to be impossible to 
raise it for any length of time in spite of the ingestion or injection of 
large amounts of calcium This was true also in some of our cases 
Our doses of calcium have been larger and were given over longer 
periods of time than any we can find in the literature in cases in which 
the serum calcium was also determined 

A summary of these data appears in Table 6 
Recent analyses show that milk contains from 0 99 gm to 1 6 gm 
of calcium for each liter, corresponding to from 7 to 12 gm of calcium 
lactate for each liter This makes average milk the equivalent of a 1 
per cent solution of calcium lactate Milk has long been highly valued 


Table 6 — The Effect of Ticatmcut with Calcium on the Seium Calcium 


Case Diagnosis 

Date 

Total 

Calcium Salts 
Administered, 
Gm 

Total Calcium 
(Calculated) 
Gm 

Serum Calcium 
(Kramer Tisdall) 
Mg for Each 
lOOCc 

Normal 

6/11/23 

0 

0 

10 2 


6120123 

133 

17 2 

118 


6/27/23 

259 

33 0 

10 9 

3 Diabetes 

9l2im 

0 

0 

84 


10/ 8/23 

228 

39 6 

93 

1 Diabetes 

4/10/23 

0 

0 

88 


4/21/23 

45 

58 

89 

2 Diabetes 

6/14/23 

0 

0 

98 


6/20/23 

72 

93 

10 6 

6 Nephritis 

6/ 1/23 

0 

0 

90 


6/14/23 

86 

11 1 

94 

5 Nephrosis 

10/ 4/23 

0 

0 

10 7 


10/17/23 

216 

43 2 

91 

1 Nephrosis 

5/25/23 

0 

0 

92 


6/ 4/23 

44 

57 

10 3 


6/14/23 

108 

14 0 

97 


m the treatment of acute nephritis It has been used on more or less 
empiric grounds, and from the high protein and water content does 
not appear to be an ideal food when renal function is impaired In the 
usual “milk cures,” it is given in an amount of from 1 to 2 liters daily, 
and the calories in such amounts are insufficient to maintain nutrition, 
even with the patient in bed The protein is from 30 to 40 gm for each 
liter, which makes a diet consisting of two liters of milk rather richer 
m protein than is desirable in cases of nephritis with nitrogen retention, 
and salts other than calcium are present in not inconsiderable quantities 
Some of the favorable effects ascribed to a milk diet in the past in such 
cases ma} therefore be due to the diuretic effect of the high calcium 
content Bastedo quotes Raphael, who studied the diuretic action of 

14 Denis, W , and Minot, A S Effects of Feeding with Calcium Salts on 
the Calcium Content of the Blood, J Biol Chem 41 357-361 (March) 1920 

15 Bastedo, W A Materia Medica Pharmacology, Therapeutics, Pre- 
scription Writing for Students and Practitioners, Philadelphia, W B Saunders 
Companj, 1915 
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^a^ous fluids and found that a liter of ^^ater caused a 100 per cent 
increase in the urine output, 'while a liter of milk caused an increase of 
153 per cent If calcium is the cause of the beneficial action of milk 
diets in nephritis it ^vould seem logical to prescnbe diets in which the 
protein, salt, fluid and caloric value ha\e been properly adjusted, and 
then to gn e the necessarj amount of calcium in addition, rather than to 
elnplo^ milk alone It is possible that calaum in the combinations m 
-which it IS present in milk may be absorbed at a difterent rate than when 
It 15 given as the pure salt 

SOMMARV 

M*e have tried the eftect of large doses of calcium salts (from 12 to 
18 gm daily) in cases of massne edema of diabetic and nephritic origin 
In SIX of se\en cases, most of which had been resistant to other methods 
of treatment edema disappeared complete!} In one case, edema dis- 
appeared, but the part pla}ed b\ the calcium is questionable In two 
cases of nephritis, edema recurred later None of these cases were 
complicated b} significant myocardial damage, and in none was any 
other diuretic gnen with the calcium In the few instances in wdiich 
we used small doses of calcium (from 1 to 3 gm daily), little or no 
effect was obserAed In some of the cases edema was reduced b} cal- 
cium lactate In other cases calcium chlorid seemed more effectne 
Large doses of calcium do not seem to increase the amount of serum 
calcium In one case of chronic glomerular nephritis, renal function 
was defimteh improved as the edema subsided In one case of diabetic 
edema, the basal metabolic rate rose during the administration of cal- 
cium from — 13, April 21, to an a\erage of -f 57, ]\Iay 9 A similar 
dose of calcium did not produce a change in the basal metabolic rate of 
a normal person In the other cases of edema discussed, the administra- 
tion of calcium had no effect on the basal metabolic rate The hieh 
calcium content of milk may explain its diuretic action, and thus its 
popularit}' in the tieatment of acute nephritis 
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BLOOD CHEMISTRY COLORIMETRIC METHODS By Willard J Stone 
Price, $2 25 Pp 71 New York Paul B Hoeber, 1923 

The author publishes in this book the methods of blood analysis devised by 
Folin and Wu, Benedict, Van Slyke, M>ers, Bloor and others To these are added 
instructions for conducting certain renal function tests with clincial comments 
on renal function Brief dietary suggestions regarding the treatment of nephritis 
and diabetes complete the text No claim of originality is made for any of 
the tests described, nor does the text carry with it a conviction that the author 
offers more than a compilation of certain laboratory tests which, in many 
other laboratory texts, are more comprehensively presented, or are described 
equally well as part of a general laboratory manual 

LECTURES ON ENDOCRINOLOGY By Walter Timme, M D , Attending 
Neurologist, Neurological Institute, New York, Professor of Endocrinology, 
Broad Street Hospital, Professor of Nervous and Mental Diseases, Poly- 
clinic Medical School and Hospital Price, $1 50 Pp 123, with 27 illustra- 
tions New York Paul B Hoeber, 1923 

This monograph is a reprint of an article published under the title of “Clinical 
Endocrinology” m 1921 It contains brief chapters on the thymus, pineal glands, 
the thyroids, the suprarenals, the pituitary, and the gonads The pancreas and 
the parathyroid glands are not discussed The treatment of this subject is 
clinical and the neurologic aspects of the several alleged endocrine syndromes 
are stressed The author accepts, without much critical discussion many of 
the theories of pluri-glandular sjndromes and mutual endocrine interaction 
This may be necessary in such a brief paper, but may mislead a reader who 
accepts the book as a reliable authoritj' There is little evidence that the 
pineal body is an endocrine organ, and this applies to the thymus gland also 
The author assumes as a demonstrated fact a depression of thyroid activity 
by gonad hormones “A good example of such hyperthyroidism is that seen 
m some women after the menopause — the ovarian function having ceased, the 
thyroid is left without sufficient counterbalance, and a hyperthyroid state ensues 
This awakens over-activity of the adrenals with resulting high blood pressure ” 
It IS certain that spaying in animals below man produces no symptoms indicat- 
ing hj'peractivity of the thyroid, and neurocirculatory disturbances of the 
menopause have not yet been shown to be due to excessive thyroid secretion 
The volume contains many such plausible statements that are not based on 
demonstrated facts For instance — “During the period following menstruation 
there is usually a diminished thyroid activity” 

The author promises an elaboration of the present theme m the near future 
If, when this is done, he should combine his pleasing and easy style with greater 
critical discernment, he would do a distinct service to medical science in this 
difficult field 
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A STUDY OF MIXED LEUKEMIA WITH THE 
REPORT OF A CASE ' 


RUDOLPH C LOGEFEIL, D 

MINM APOI IS 


So-called mixed leukemia, that is, a comlimation of myelogenous 
and L'lnphatic leukemia occuiimg m one peison at the same time, is 
such a I are condition that 1 ha\e felt it woith \shilc to lepoU this case, 
as ivell as enlei into the pioblem uhich a stud} of the case piesents and 
to rcMew the htcratme on pieviously lepoited cases 

link^ was the hist to lepoit a case of so-called mixed leukemia 
This ivas in 1906, hefoie the congicss of Internal Medicine Fie 
repoited foui cases at this time which he consideied to be mixed leu- 
kemia He apparent!} was the fii.st to appicciate. at least, to publish 
the fact that an acti\it} of the hmphatic and imeloid S} stems could 
go on 111 an induidual at the same time In the same leai, Hiischfeld - 
repoited a case wdiich he called true mixed leukemia, and in 1909, 
Herz" leportcd a case which he felt he could call b} no othei name 
In 1913, I-Jerxheimei ' discussed the question of mixed leukemia and 
lepoited a case which he bclie\ed to be a tiuc example Since this time 
theie have been ^arlous cases of so-called at}pical leukemia lepoited, 
some of which ma} be m the classification beaiing the foiegoing title, 
but the authors have not labeled them as such 

In arming at the diagnosis of mixed leukemia in anv case, man} 
points of discussion aiise wdnch entail opinions and theoiies wdiich aie 
Mtal issues among hematologists of the piesent day Many piommcnt 
hematologis ts such as Meyei and Hcineke,'^ Fabian," Naegeli,* and 


*From the Hcmalologic.d Laboratorj, Department of Animal Bio!oc\. 
University of Minnesota 

1 ^ Park, W Bcnchte aus den Wisscnschaflhchcn Veremen, Wien med 
Wchnschr 54 1430, 1904, ibid, Uebtr Regeneration dcs Bhitcs iintcr normalen 
SlPOS Verhaltnisscn, Zcntralbl f allg Path u path Anat 19 895, 

2 Hirschfcld, H Ueber LcuK,amic, Folia hacmatol 3 332, 1906, ibid 
ICcnntniss dci mycloiden Umwandlnng, Berl klm Wchnschi 43 ' 

1U04, lyuo 

22 * 103 ?T^ 9 ^ gcmischtcn Leukamic, Wien khn Wchnschi 

TIT, 1 Hcrxhcimer, G Ueber cmen combmieitcn Fall von lymphatischci und 
Myeloblastenleukamic, Zcntr.ilbl f allg Path n path Anat 24 897, 1913 

Hemcke, A Ueber Blnlbildnng bci schwcien’ Anamien 
und Lcukamien, Arch f khn Med 88 435, 1907 

T ptiP F > Nacgeli, O , and Schatiloff, P Bcitragc 7m Kcnnlmss der 

Leukamie, Virchows Arch f path Anal 190 473, 1907 

WW, VerWiK Vcrlcgcr'''™"''''''*"" 
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Schatilofif ® deny the possibility of the existence of a mixed leukemia, 
while other equally prominent men such as Herz,® Hirschfeld,^ von 
Domarus,® Herxheimei * and Downey feel that they cannot explain 
the findings in these cases except on the basis of a true mixed leukemia 
Dohrer, Pappenheim ® and others take an intermediate position, 
while many do not express their opinion on the subject at all 

While studying this case, certain obseivations gave information and 
suggested opinions on the old but still acute question among hematol- 
ogists , namely, the theory of the origin of blood cells This will be 
discussed biiefly at a later time 

Before calling a condition mixed leukemia, Browning demands proof 
that the myeloid and lymphatic tissue of the body must be stimulated 
simultaneously in the same way and in the same place, with evidence m 
the form of active myeloid and lymphatic metaplasia According to this 
definition, I feel that the following case which I shall report must be 
called a mixed leukemia I cannot see how the findings m the blood 
smears and histologic structures of the tissues can be explained on any 
other basis 

The condition occurred in a patient of Dr F W Schultz, of this city, 
who kindly allowed me to study and report it and who gave me the 
following records of the case 


REPORT OF C \SE 

Histoty — R M W, a girl, aged 3 years, was brought to the physician for 
examination on Sept 6, 1921 She was the third child of a moderate sized 
family, the other children and parents were living and well She was a full 
term infant, of normal birth and breast fed She had measles and whooping 
cough but no recent illnesses For two weeks before examination she complained 
of pain m the abdomen, arms and legs The temperature had risen m the after- 
noons and the patient complained of being tired and of having a poor appetite 
She did not sleep well The bowels were regular but the patient had been losing 
V eight 

Physical Examination — A fairly well nourished child was seen, with clear 
skin, firm muscular tone, normal glands, well-formed head with the 
fontanels closed The throat showed some inflammation The chest formation 
was good The lungs were clear throughout The heart was normal m area 
and sound The abdomen was normal The liver and spleen were not felt The 
rectum and genitals were normal The extremities were symmetrical, with no 
enlargements The reflexes were not exaggerated 

Urine examination was negative Blood examination showed a hemoglobin 
of 65 per cent , red blood cells, 4,504,000, white blood cells, 11,400, differential 
polymorphonuclears, 45 per cent , lymphocytes, 50 per cent , mononuclears 
3 per cent , transitionals, 1 per cent , eosinophils, 1 per cent The Wasser- 
mann reaction was negative The Pirquet test was negative Another urmalv- 
sis on September 9 vas also negatne 

8 \on Domarus Der gegenwartige Stand der Leukamiefrage, Folia 
Haematol 6 337, 1908 

9 Dohrer and Pappenheim Em weiterer Fall von akuter Microlym- 
phoidoztenleukamie Folia Haematol 16 143, 1913 
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The patient returned, September 17, at which time she weighed 31 pounds, 
5 ounces (14 3 kg) showing a loss of onh 3 ounces (85 gm ) since the first 
Msit on September 6 The coagulation time of the blood w'as four minutes 
Unnabsis was normal Physical examination show’ed a slight puffiness over 
the left eje No definite tremor was palpable The patient complained of 
difficult} in walking, some malaise and being alwa\s tired She w'alked wuth 
some d'ifficult\ The swelling o\er the left e}e was becoming more pro- 
nounced The abdomen was normal, and there was no enlargement of the 
spleen or hmph glands determined at this MSit 

On September 17 a tonsillectonn was done The child did not seem to make 
a normal reco\er} from this slight operation, but remained weak and continued 
to run a fe\ er 

A week later there was extreme prostration, pallor, malaise and drowsiness 
The spleen was enlarged to 4 inches (10 cm ) below the nb margin There 
was no icterus and no general enlargement of the glands The patient was sent 
to the hospital It was at this tune that acute leukemia was first suspected and 
the following and subsequent blood examinations confirmed the diagnosis 

On September 26 examination of feces (two specimens) showed microscopic 
blood present but no pus cells A differential count was made at this time and 
the blood smear examined b} Dr E L Gardner His report read as follow’s 
‘Fne hundred cells were counted with the following results polymorpho- 
nuclears 6 per cent hmphoc\tes, 15 per cent , transitionals, 1 per cent , 
prom} eloc} tes and so-called stem cells, 45J25 per cent , m}elocytes (neu- 
trophilic) 5 5 per cent, basophilic, 0 3 per cent eosinophilic, 0 3 per cent 
Mail} nucleated red cells were noted with quite a few degenerating leukocytes, 
some liaMng the nuclei extruded There were practicall} no normal cells seen 
All showed signs of marked bone marrow stimulation The red blood cells 
were irregular and pale with some pohchromatophilia Lymphoc}tes were 
\er} hard to differentiate from the small prom} cloc} tes ” A blood examination 
had also been made on September 24 •\t that time the hemoglobin w'as 38 per 

cent , white blood cells 97 000 red blood cells, 2,140000 Differentials showed 
pohmorphonuclears, 6 75 per cent , l}inphoc}tes, 92 75 per cent , large mono- 
nuclears, none, transitionals, 0 5 per cent Dr Gardner noted that “there were 
^ome basophilic and neutrophilic m\eloc}tes present, some poikiloc}tosis and 
pohchromatophilia There was une\en distribution of pigment m the red cells, 
some lieaMh stained others \er} pale Four nucleated red cells were seen 
No basophilic stippling” (The first differential count was made by Dr 
Schultz’ laborator} technician The last two smears were the only ones which 
were a\ailable to me for stud}, the others haMiig been destro}ed The report 
of m} stud} of these blood smears will be gnen later ) 

Death occurred Sept 30, 1921 There were no important clinical changes 
during the last week of life 

The following is a cop\ of the necropsy, which was made by Dr E T Bell, 
professor of pathology at the UnuersiU of Minnesota The heart show'ed 
petechial hemorrhages in subepicardial tissue The spleen was enlarged greatly, 
and weighed 300 gm There were no adhesions The various surfaces w'ere 
well defined The capsule was smooth and clear The cut surface wms pale 
with reddish mottling No definite corpuscles w'cre visible There w'as a small 
accessor} spleen about 1 cm in diameter in the great omentum , the cut sur- 
face had the same appearance The Iner weighed 690 gm The capsule wms 
smooth w ith } ellow ish mottling underneath The cut surface wms pale and 
mottled with regular } ellow ish spots about from 1 to 2 mm in diameter The 
gallbladder was normal The abdomen and intestines showed numerous petechial 
hemorrhages on serosa of the intestinal coils There was a partial intussuscep- 
tion in part of the ascending colon in which the ileum w'as mvaginated into the 
cecum and ascending colon At the head of the intussusception Avas a large poly- 
poid mass The gastric juice was of a reddish-browm color suggesting the presence 
of blood There were no changes m the small intestines The intussusception 



662 


ARCHIVES OF INTERNAL MEDICINE 


was evidently agonal On opening this portion of the intestines, a polypoid mass 
was found at the head of the invaginated portion and attached to the wall of 
the cecum near ileocecal valve The mass measured 4 by 3 5 by 1 5 cm There 
was a central ulcerated area 3 cm wide The mesenteric and preaortic lymph 
nodes were enlarged The largest was S by 3 by 2 5 cm The next largest 
was 2 by 2 by 2 cm A number of small lymph nodes showed no change In 
the base of the mesentery, the enlarged nodes were crowded closely together, 
forming a large tumor mass which was evidently the mass palpated through 
the abdominal wall There were no other enlarged lymph nodes The pan- 
creas and adrenals were normal The kidneys weighed 55 gm each, and were 
pale and cloudy There was a small tumor mass in each, palpable and visible 
after capsule was removed The bladder was normal The o\ aries were greatly 
enlarged The thymus was not enlarged The brain was normal, with numerous 
small infiltrated areas in the dura mater which eroded the underlying bone 
Micioscoptc Exammation — The large lymph nodes of the mesentery showed 
leukemic infiltration, necrosis and hemorrhage The small mesenteric nodes 
showed leukemic infiltration The polypoid mass in the cecum showed leukemic 
infiltration of the mucosa The liver showed portal leukemic infiltration The 
spleen showed leukemia infiltration of a large portion of the pulp, the cor- 
puscles were indistinct The kidney showed small nodules composed of lympho- 
cytes There were albumin casts in the lumina of the tubules The pancreas 
showed small areas of lymphocytes The diagnosis was acute m>eloid leukemia 

MICROSCOPIC STUDIES 

The blood smears weie sent to Dr Hal Downe> who, on examining 
them, immediately perceived that there was something unusual about 
the case He saw in the blood smears all stages of developing myeloid 
and lymphoid cells, and it was at his suggestion and undei his super- 
vision that I have made an intensive study of this case 

Mateual and Staining — Sections of the following tissues weie 
available for examination Polypoid mass in cecum, an enlarged 
mesenteric lymph node, spleen, liver, lung and kidney They weie all 
fixed in formaldehyd and stained according to the method of Dominici 
Only two blood smeais were available for examination, as mentioned 
before Ordinary Wright’s stain was used in preparing them 

Intestinal Polypoid Mass Found in the Cecum — Sections through 
this mass showed it to be due to an infiltration of leukemic cells into 
the mucosa Most of the cells present were lymphocytes, although 
there were a few myelocytes and adult eosinophils seen Necrosis was 
quite marked, especially in the small cells 

Lymph Nodes — Sections through various portions difteied some- 
what, but I shall desci ibe only two of the more typical ai eas 

1 In this area there were no definite follicles, but there was a gen- 
eral increase in the lymphatic tissue, which was spread out diftusely 
over the entire section There ivere some aieas suggesting follicles 
Avhich had atrophied, with marked evidence of necrosis The reticulai 
tissue on the whole was filled with lymphocytes m various stages of 
development No myelocytes Mere seen in the inter folhculai or medul- 
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lar\ tissue, but some of the laige blood \ essels contained a few In some 
areas the hmphocUes \\ere more condensed and here mitosis was 
common 

2 The other most topical area showed a relatue increase of the 
mterfolhcular tissue or pulp over that found in the foregoing area 
described Atropln of the follicles was more marked The dying fol- 
licles showed marked necrosis of cells wuth no eMdence of mitosis 
]^Iitotic figures m the 1> niphoc} tes w ere not so much m e\ idence in this 
section The hmphatic tissue was as a whole, a little more dense and 
concentrated The mterfolhcular tissue showed many m}elocytes mostly 
of the eosinophilic trpe The} were scattered diftusely in the reticular 
tissue of the medulla with no special relation to the blood vessels In 
general there could be no definite distinction made between the cortex 
and medulla or the cells in these areas The predominating cell w as the 
medium sized l}mphoc}te although some small and large l}mphocytes 
were present Many of the nnelocrtes show small dark-stained nuclei, 
rich in chromatin, which were indistinguishable from the nuclei of many 
of the adjacent lymphoc}tes Alost of the hmphocrtes present were of 
the t} pical adult t} pe but there w’ere some } oung h mphocy tes scattered 
here and there among the former (Fig 1) 

Lung — The -various sections were about the same There w'as no 
ewdence of lymphoid follicle formation The connectne tissue of the 
aheolar walls contained main large t} pical eosinophilic m}eloc}tes and 
some with smaller fine red granules, undoubtedly neutrophilic myelo- 
cytes There w ere some other cells present m the reticular tissue wdnch 
had a dark, purple staining, slightl} irregular nucleus wdnch w'as about 
the same size as those found in the myeloc}tes, but the chromatin was 
more dense and in irregular masses The protoplasm took a basic stain 
and formed m a narrow ring about the nucleus The} were undoubtedly 
earl} or }oung hmphocvtes Also many cells were seen with dark, 
p}knotic, round nuclei showing more cytoplasm taking the basic stain 
The} were undoubted!} adult lymphocytes Man} of these cells could 
be seen undergoing mitosis Adult eosinophils were also seen m the 
reticular tissue Some of the alveoli were filled with blood and showed 
cells similar to those found in the blood smears Large phagocytic cells 
were also seen 

In general, we found here a m} eloid and lymphatic reaction or activ- 
ity in the reticular tissue, w ith the former predominating slightly Local 
de\ elopment of nn eloc} tes and 1} mphocytes w as in t\ idence 

Kidney — A t} pical section showed areas of marked leukemic cell 
infiltration, with atrophy of tubules and glomeruli, and many necrotic 
cells present The infiltration w^as diffuse wuth no ei idence of follicular 
arrangement The great major it} of the leukemic cells w^ere lympho- 
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cytes, small, large and medium in size, with the latter predominating 
There were some immatuie ones among them An occasional lympho- 
cyte showed mitosis 

There were cells which weie a little larger than the adult lympho- 
cyte, which had only a small iing of C3doplasm about a large nucleus 
which was very poor m chromatin, and had a ver}’- fine nuclear mem- 
brane The nucleus was pale in appearance with only here and theie a 
fine dot or strand of chromatin visible I interpiet this type as being 
tbe most immature cell present , it corresponds to the description of the 
“stem” cell as seen in the tissue There were other cells, mixed in with 



Fig 1 — typical area in one of the enlarged mesenteric lymph nodes 
Stem cell (b), immature lymphocyte (a), eosinophilic myelocytes, cells under- 
going mitosis and degenerating cells are mixed together Below cells a and b 
are three maturing lymphocytes, more mature than cell a 

these, showing just a little heavier nucleai membrane and just a little 
more chromatin within the nucleus, which I interpret as being somewhat 
more matured Repi esentative cells of succeeding stages in the differ- 
entiation of these lymphoc} tes to a typical adult h mphocyte were seen 
Scattered about between these developing lymphocytes were many 
neutrophilic and eosinophilic mjelocytes They were found in the 
tissues between the tubules, awaj'- from the blood i essels, and an occa- 
sional adult eosinophil or neutrophil was also seen In these same areas 
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theie weie many cells with small, daik staining nuclei lesemblmg the 
small lymphocyte m the tissue but having eosinophilic gianules in the 
cytoplasm Some of the granules weie veiy young as was evidenced 
by the basophilic staining i eaction 

There weie also a few led blood cells scatteied about in the tissues 
but no aieas of hemoiihage In the aieas undei going neciosis the 
leukemic cells as well as the kidney stiuctures weie aflected (Figs 
2 and 3) 



Fig 2 — A low power view of the kidney, showing tlic nature of the leukemic 
cell infiltration Note the atrophy of kidney stiuctuie 

Panel cas — A typical section showed seveial small aieas where 
panel eatic cells wei e undei going ati ophy and neci osis with replacement 
by connective tissue Theie was infiltiation of the leukemic cells in the 
connectne tissue between the lobules, but no evidence of follicular 
ariangement These aieas showed a mixtuie of interesting cells 
There weie many eosinophilic m>elocytes and neutiophilic myelocytes 
as well as mature cells These eosinophilic myelocytes weie of all sizes, 
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from that of typical eosinophil to that of the smallest lymphocyte Many 
ot them had a single small nucleus darkly stained and very rich in 
chiomatm, very similar to those seen m l}'mphocytes in that same area 
Occasionally two such cells, that is, an eosinophilic myelocyte and a 
lymphocyte could be seen side by side with the nuclei apparently iden- 
tical Some of the myelocytes as well as the lymphocytes had pyknotic 
nuclei and seemed to be degenerating In these same areas, mixed in 



Fig 3 — This IS a higher magnification of a small area in Figure 2 marked 
thus □ The types of cells present and some of their characteristic features 
can be seen Cells a and b are eosinophilic mj^elocytes Cell c is an immature 
1} mphocj te 

with the myeloc) tes, were many lymphocytes in various stages of devel- 
opment The so-called “stem” cell as it appears in the tissue was also 
seen here and had the same characteristics as given in the description of 
these same cells found in the kidney Many immature lymphocytes 
were seen These young oi early lymphocytes were very poor in 
chromatin with a thin nuclear membrane, and here, even more so than 
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in the Inciuevs showed definite nucleoli some only one while others 
had even two or three. Here as elsewhere the medium size h*mphoc}i;e 
was the predominating cell 

In a few places the leukemic cells had infiltrated between the aani 
near the edge of the lobule but on the whole the leukemic infiltration 
was hmited to tlie interacinar connecti\e tissue spaces These were 
anparentlv widened in some places and occasionally showed small areas 
of hemorrhage The blood \essels of the pancreas were filled with 



F’g - — tj-p cal area shoving tne character anc Gistribution of the 
iei.-cir.c cells ’n tne interacinar connective tissue in the pancreas Ceils 
c arc c are large eosirophilic raj elocvVes Cell b is an immature h-mphoc\-te. 
item cells are a^so present in this general area out their cnaractenst cs are 
not o'ought Out tiv photomicrograpn Div ’ding ceils v ith mitotic figures 
£*■0 cegenerati'-g cells v’-itn pvtnotic nuclei can he seen 


leukemic ceils of the same t\pe as those foiind in the blood smears and 
mterioihcular tissue 

In general mteloid cells ano Kmphoct'tes were diffusely arranged 
sn(i mixed together in the mteracinar connecttte tissue (Fig -t) 

Sf^cdi — Here as in the Kunph node sections through different parts 
appeared somewhat different and two nyiical ones will be described 
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1 The first typical section was one showing a general increase in 
the lymphoid tissue with a scarcity of pulp or interfolhculai tissue No 
definite follicles were seen but rather was there a laige oveigiowth of 
the l}mphoid tissue, with large diffuse areas of lymphocytes which in a 
normal spleen would be follicles These areas had arms, oi branches 
extending out into the pulp connecting with arms of othei similar 
areas forming a kind of a network The diffuse lymphatic folhculai 



Fig 5 — A low power view of a typical area in the spleen, shoi\ing the 
general distribution of the cells Note the absence of definite follicles and the 
general increase in the Ijmphoid cells In the lower right hand corner can be 
seen a lilood vessel with a condensation of lymphocvtes about it 

tissue was m much larger amount than the pulp and the total amount of 
hmphatic tissue ^vas greater than found in a normal spleen In some 
areas, the line of demarcation between the pulp and these diffuse l^mpho- 
c}tic areas was more marked and easily definable There were seveial 
hemorrhagic areas of various sires, some being quite large Theie weie 
seteral areas of accumulation of lymphoc}tic cells along the course of 
the blood vessels, and when seen in cross-sections they appeared as fol- 
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licles, but on stud}ing them moie closely, it was easily seen that they 
weie not tjpical The pi edominating cell heie, as elsewhere, was the 
medium size hmphocyte although theie were many '^mall and large 
t^pes also 

Howe^el, in the aieas of concentiation of lymphocytes, I found 
eosinophilic and neutiophihc myeloc}tes as A\ell as adult eosinophils 
They weie mixed diftusel} with the piohferatmg lymphocytes Myelo- 



Fig 6— Is a higher magnification of Figure 5 It is interesting to note 
that even in this area of condensation of bmphocjdes, many myelocytes weie 
found, although the}" cannot be distinguished at the magnification of this 
photomicrograph 

cytes weie piesent, howevei, in laigei numbeis in the mterfolhculai 
tissue 01 pulp 

2 The othei typical section was somewhat different It showed an 
enormous amount of lymphoid tissue with Aeiy little pulp Necrosis 
was more marked heie There weie laige hemoiihagic aieas Fibiosis 
was more extensive Red blood cells weie scatteied diftusely thiough- 
out the lymphatic tissue The pi edominating cell was the medium size 
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1) mphocyte Mitosis was occasionally seen Some myelocytes and adult 
cells were seen but not so many as in the previous section Some of 
these were also undergoing degeneration as indicated by their pyknotic 
nuclei 

In general, the lymphatic tissue predominated throughout the spleen 
although in some areas the pulp was much more in evidence than in 
others There were several small areas seen where the pulp predomi- 
nated There was diffuse hypei trophy of lymphoid tissue throughout 



Fig 7 — low-power view of an area of the spleen where the pulp tissue 
slightly predominates, showing the diffuse distribution of the cells Manj 
m\elocytes can be seen under high power oil immersion magnification but the 
medium-sized lymphocyte is the predominating cell The border of a large 
hemorrhagic area in the upper portion of the field can be seen 

The malpiglnan bodies were apparently replaced by a concentration of 
hmphocytes along the course of the arteries In cross-sections these 
appeared like malpighian bodies of the normal spleen, but they had no 
eerminal center and were not so dense as normal follicles and contained 
relatnety few small lymphocytes, most of them being medium, with a 
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few latge out"' U \\.\s m these .tte.ts ih.U the ntNciocttcs wctc seen as 
well .IS in the pulp oi intei tollu'ul.ii tissue On the whole, there was 
a tot.al incrc.ise in the l\miih.\tie tissue o\ei that of the noim.il spleen 
MncIouI metapl.vsi.i w.is pieseut in tho'-e .ue.is uf ‘ Kmphocvtic concen- 
tration ’ hut w.\s much more exiensuc in the ]nilp LMUphatic Inper- 
pla«!n pio<l<>niinate(l ( I'igs s o.uul/’t 
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Pin .S — \ Utw-jiuu^r \uu uf ihi luir sli(n\me thu nUti loltul.ir kukonne 
cell inriUr.itmn .ind iijujilu ui snim ui tlu lu«.r dlls 


Li:‘t} — 'J he Intel lohul.ir spaces were hlled with leukeinic ceils and 
the lattei fiileil imn\ of the uij.uent snnisouls Otheiwise. the sinnsouls 
were free fiom tells 1 hese masses of tells weie composed mainl) of 
lymphocytes m v.uions stages of development Some of them showed 
mitotic figures Onh an oct.isionil nneloccte w.is lonnd mixed in with 
the hmphocUes Most of the ItmphocMes wcie ol medinm si/e with 
relatncU few laige and small t\pts Degeneiating foims with dense 
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pyknotic nuclei weie seen Mitosis was common Necrosis of some of 
the cells was also found in areas but not to the extent found in other 
organs Again we found cells here that had large nuclei with very little 
chiomatm, a thin nuclear membrane and a few nucleoli They had only 
a narrow iim of cytoplasm and were almost identical with the so-called 
“stem” cell as seen m the tissue (desciibed before and found in other 
organs) Various stages of developing lymphocytes were found heie 
A few nucleated reds weie seen with many adult red blood cells No 
definite areas of hemorrhage were seen, however 

In geneial, theie were extensive areas of leukemic infiltration lim- 
ited to the interlobular spaces and a few adjacent sinusoids The 
mterlobulai spaces were increased m size, which increase was probably 
due to piessure from the masses of leukemic cells In some places the 
leukemic cells almost surrounded the lobules of the liver, making them 
\tiy prominent There was no local development of the cells in the 
sinusoids and they were not enlarged Theie was no definite follicular 
ariangement of the leukemic cells (Fig 8 ) 

No sections of bone marrow were obtainable 

Blood Smeais — There were only two smears available to me for 
examination One was taken on Septembei 24, at which time the leuko- 
cyte count was 97,000 The other smeai was taken on September 26, 
four days before death, which occurred on September 30 The leukocyte 
count was not taken at the time the last smear was made It is interest- 
ing to note that the difterential counts on the two occasions were quite 
different, the first one showing a piedominance of the myeloid elements 
while the second one showed a relative increase in the 3 '^oung lympho- 
cytes I will first desciibe the more important cells seen before giving 
the differential counts of the different cells 

Blood Silica}, Sept 24, 1921 — On looking over this smear I was 
immediately impressed by the predominance of a cell which I wish to 
describe m detail The size varied from that of a small lymphocyte to 
that of an ordinary large mononuclear cell The nucleus was large and 
spherical and practically filled the cell leaving only a narrow ring of 
deep bluish cytoplasm, the latter occasional!} containing vacuoles 
Twenty per cent of these cells showed a peculiar type of azure granu- 
lation described by Pappenheim (Fig 9 c) 

The nucleus as described filled most of the cell, but the striking 
feature was the diffuse distribution of the chromatin It was m the 

10 Pappenheim Atlas Die Zellen der leukamischen M 3 'elose, Jena, Gustav 
Fischer, 1914 1 “Stem” cells Plate XIV, Figs 1 and 27 2 Myeloid azure 

granulation Plate XVIII, Figs 1 and S 3 Leukoblasts Plate XIV, Column 
B 4 Promyelocjtes Plate XIV, Column C, Rows a and b 5 Micromyelo- 
blasts (of Pappenheim) Plate XVI, Figs 12 and 13 6 Myelocytes Plate 

XIV, Figs 11, 24, 48 and 73 
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r ^ 0 — Dri\\ii4 '>! ttl!" inun the l^hxul vmi ir« (<i) Immttiirc Uniphoc\tc 
'iplk'- t>j»e prnhiiilv (k\tl<>;).nn ir<>m i rmcronnclohl ivt (t ecll cninlar to the 
oi.c ? '•tnlkr) (bi LMiipliouiiK^tc or >ttm” tell (r'l Inmnture hmj'ho- 

c\te' rcpre^evtinc nil e irh oi tk\tlopnitnt from t\pe oi cell ns shown in 

' (<■'( Innn ‘tnn hinphocvte rtpre“-intinir a Inter st leje oi deNelopnunt tlnn i 

It) Leul-ohinst shuwun: nrure j^rnnul itioa It represents the first staije m the 
fk\c!opincnt of m\tloid celk from the stem cill (;) PronneIoc\te n cell reji- 
rese.uinii tiie second o'" Inter, stnee in the deeelopnient ot nueloid cells (t/) \ 
sm 1! ecsiiK'philic nnelocvte seen in the mtrn-neinar eonnectuc tissue of the 
n ncre"« It is the s nnc sire ns ntiRhhorinp hniphocetes, with a nucleus 
ifkinic‘1 in npptnrnnee with tint lound in these I\mphoc\tes 
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form of an extremely delicate network giving the nucleus the appeal - 
ance of a fine mesh sieve Many of the cells contained nucleoli, but not 
all, and when present they varied in number Thirty-foui per cent of 
the cells counted were of this type This cell corresponded to the 
so-called lymphoidocyte of Pappenheim as shown in his atlas, and in 
Figure 9 h accompanying this paper 

The next most common cell (15 per cent ) was one about the size of 
a small lymphocyte, having a very iiariow ring of basophilic cytoplasm, 
in fact, m many instances the cytoplasm could not be seen at all, the 
nucleus apparently entirely filling the cell The nucleus itself was rich in 
chromatin but the latter was evenly distributed throughout the nucleus 
with no areas of condensation Occasionally a nucleolus was present 
This cell corresponds in every detail with the micromyeloblast of 
Pappenheim 

There were a number of cells which greatly lesembled the pieviously 
described, so-called “stem” cell, but the chromatin was not so finely 
distributed and showed a tendency to foim in strands There was also 
a greater proportion of cytoplasm in the cell, the latter not containing, 
as a rule, so many of the coarse azure gianules Nucleoli were seen but 
they were not so many or so distinct as m the stem cells This type of 
cell I interpret as a leukoblast Five per cent of the cells present weie 
of this type (Fig 9 e) 

Other somewhat similai cells with more abundant, but not so 
basophilic cytoplasm showed beginning acidophiha in some places The 
nucleus was not so large in proportion to the amount of cytoplasm and 
was usually not spheiical The characteristic featuie of this cell was 
also the “network” distribution of the chromatin in the nucleus It as 
also formed in strands, but these were much coarser than in the case of 
the leukoblasts The network might be compared to a very coaise, 
heavy mesh sieve Nucleoli weie rare, although occasionally seen, as 
was the case with the coarse, azuie granules The distinctive point of 
difference between this cell and the leukoblasts was the more marked 
coarseness of the strands of chromatin and the beginning acidophilic 
staining of the cytoplasm This cell corresponded to the prom 3 '^elocyte 
and was present in the same percentage as the leukoblasts^® (5 per 
cent) (Fig 9/) 

Myelocytes of all types, neutrophilic, eosinophilic and basophilic weie 
present Some cells, however, showed an appaient unequal maturing 
of the cytoplasm and nucleus , for example, the nucleus would be in the 
promyelocyte stage and the cytoplasm contain typical myelocytic gian- 
ules, and vice versa Fully differentiated typical neutrophils, eosino- 
phils and basophils were also present Some of the neutrophils were 
apparent!)'- degenerated as indicated by p 3 ’-knotic nuclei The adult cells 
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^\cre ot \anin<j m/C" It w.is. \et_\ ca‘5\ to pick out a senes of ni\eloic1 
celK in all siaq:e» of (iiftcrentiation from the stem tell to the full-ijiown 
adult neutrophil oi eosinophil 

The hmphocNtic series was aKo well repi cseiited m this smc.ir with 
examples of the \arious stat:^es dextlopmeiU 1 he eaihest t\pe tound 
was one ^\hlch icscnihled a stem tell onl\ the tttoplasm was laigei 
in amount and of a Imhtcr hlue color, and the a/ me gianulcs were not 
so alni.ulant and were fmei non i.ieulai and of a jnnkish-icd lathcr than 
the dccji jnirple the sttm tell 1 he disinhution of the ehiomatm w.is 
the most charatleristu point of distmetion lleie the thiomatm was 
more ahuiutaiit took a decjui stain and was ‘.pre.id o\ei the nucleus in 
a manner whieh one nimht ik'trilu .iv hlottln theie hemg areas of 
condensation «d chronntm \s .i whok the disinhution of the 
clnoinatin in the inukus hid a sp itted appe.i.aiKt in eountcr distinction 
to the fine lutwork in the stun tell or the to iisei -itwe-hke ajipeaiaiite in 

the Iciikohlasts ( I'l” I i 

From this earl\ i\]>t tonld ht irictd a suit'- ot detiloping hnipho- 
c\tts to the nnture form is seen m norm.d hk'od mu the \anous stages 
toiild not Ik so ^ thsimgnishtd or deliiud as ni the nntloid senes 
rrngrts-.i\e dirierenti.'tmn was thaiacttnred In an nuitise m the 
amount of chionrum, m its tdottln distnlnition and In an incieasc m 
the rtlatue 'Mnount of evtophsjji whieh took a hghiei hliiish stam 
There were main txainpks ot the luge ivpicd .idnlt Kmjihoctle which 
nctds no dtscri])tion (Figs <-) r , ami 1 

In addition to the ntrtgomg <ksi.nntd t\)Hs oi udk time weie some 
whith toiild not he ilissified tiefnntclt htiaiise oi ilun attpieal appear- 
ance and so wtre not inthidtrl in nn diOt rtiitial count If the\ had 
betii I would ha\e jnit tin m in .m imkitiimnate gioii]! 1 he mam dif- 
ficiilir in tlassjftnig tlum was owing to the fact th.it thc\ had some 
charatteristies of tlu nneloid i\pi of cells as well as of the l\mphoc\tes 
1 f'r examjile. the rtll woiikl li.ne a lohnl.iiul mu lens like that of a late 
m\cloe}te oi carh adult neutrophil hut the lUoplism ot a hmphoc\te 
and \ice \crsa There were some lelK seen whuh h.id the chaiactci- 
istics of a m\eloc\te hiit the gramikition w.is atrinc.d Of couise. iheie 
were dcgeiicr.itnig cells of all l\pes tsjieci.ilh the nciili ophiK, which 
showed \er\ prkiiotu mu lei 

'I he red cell senes w.is like that m aiu t\ jnc.d case of acute leukemia 
with luiclcatcfl cells m \.iru)ns stages of de\elopmcnt and mam non- 
nucleated cells showing maiked pohchromatophih.i, anisocUosis and 
poikiloewtosis Most of the cells showed p.ile ccnteis and weie pooi m 
hemoglolnn ]M Posts was occasionalh seen m the blood 

Ihc latci blood smeai which was at mv disposal for cxainmation 
showed the same t\pes of cells as before described, onU m different 
proportions Here it is mteicstmg to note that there was a relatne 
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decrease in the myeloid elements of the blood with an increase in the 
immature lymphocytes In this blood smear the series of developing 
lymphocytes could be more easily made out than m the previous one, 
beginning with the stem cell and ending with the adult lymphoc}te 
The differential counts of the two blood smeais are guen below 


Table 1 — Fust Smeai, Taken Sept 24, 1921 Djffet enttal Count (300 Cells) 


Per Cent 


Large lymphocytes 2 00 

Small lymphocytes 13 3 

Large mononuclears None 

Transitionals 1 00 

Neutrophils 3 7 

Neutrophilic myelocytes 10 00 

Eosinophils 1 3 

Eosinophilic myelocytes 1 7 

Basophils 0 7 

Basophilic myelocytes 0 3 

Micromyeloblasts 15 00 

So-called “stem cells” 34 00 

Promyelocytes 5 00 

Leukoblasts S 00 

Immature lymphocytes 7 00 


Table 2 — Second Smeai, Taken Sept 26, 1921, Diffci enttal Count (300 cells) 



Per Cent 

Large lymphocytes 

25 

Small lymphocytes 

22 00 

Large mononuclears 

05 

Transitionals 

05 

Neutrophils 

25 

Neutrophilic myelocytes 

3 00 

Micromyeloblasts 

17 00 

So-celled “stem cells” 

75 

Promyelocytes 

75 

Leukoblasts 

2 00 

Immature lymphocytes 

No eosinophils or basophils or their myelocj'tes 

35 00 


Before reviewing the previously reported cases of so-called mixed 
leukemia, I will review briefly the important points in my own case 
which have led me to believe that I am dealing with a case of true mixed 
leukemia 

First, let me condense the important findings in the blood smeais 
These are not only interesting but very striking Their importance can- 
not be exaggerated, as it was by means of examination of the blood 
smears that the true condition was first appreciated On the first exam- 
ination of the blood smears by Dr Gardner, the condition appeared to 
be one of acute myeloid leukemia, but even he noted that the lymplio- 
cytes were very hard to differentiate from cells in the myeloblast stage 
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ithout careful study and working out a typical sei les, beginning with 
the stem cell and ending with either the adult lymphocyte or granular 
leukocyte, it would be difficult to determine the true condition present 
The most important discoveiy in the examination of the smear was the 
presence of both types of immature cells, that is, the lymphoid and 
111) eloid forms It as this feature that attracted the attention of Dr 
Downey u hen he examined the smear, and he was the first one to appre- 
ciate and interpret their importance and to lealize that here was a 
probable case of true mixed leukemia More careful study of the blood 
smears only emphasized the facts alread) stated — that on the one hand 
there ^^as a complete series of cells repiesentmg the various stages of 
111) eloid development from the original stem cell to the full-grown granu- 
lar leukoc)te, and on the other hand just as definite a senes could be 
found shoving de\ eloping 1 \ iiiphoc) tes beginning with the same stem 
cell and ending with the t)pical completel) differentiated lymphocyte 
A few at) pical cells v ere present, but their importance will be discussed 
a little later on 

The other important point to note about the blood vas that m the 
earliest smear the lu) eloid element of the blood predominated while 
later on as death approached, the l)mphoid and lU) eloid elements played 
a more equal part v ith the former slightly predominating 

The more important gross pathologic findings v ere a greatly enlarged 
spleen, petechial hemorrhages scattered throughout the body, maiked 
enlargement of many of the mesenteiic and pre-aortic lymph nodes, a 
leukemic polypoid mass m the cecum, and kidiie) s showing e^ idence of 
leukemic infiltration From the gross findings, one might easily con- 
sider the case as that of a simple acute myeloid leukemia 

su:mmary or microscopic findings 

The most important feature of the involved lymph nodes was a dis- 
appearance of the typical follicle, probably due to a general increase in 
the lymphatic tissue which was spread out over the entire section 
L)mphoid h)perplasia was the predominating feature, but myelocytes 
were found m the mterfolhcular tissue, m rather large numbers in 
some areas 

The reticular tissue of the alveolar walls m the lungs showed typical 
myelocytes and immature l)mphocytes mixed together m the various 
stages of development This local development of myelocytes and 
tymphocytes in the same areas almost side by side strongly points to a 
condition of mixed leukemia 

The same condition was found in the kidneys m the areas of leu- 
kemic cell infiltration, but was even more marked here than was the case 
in the lung tissue 
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The findings in the panel eas emphasize the same thing, and here 
again we found myelocytes and immatuie lymphocytes side by side in 
the interacmar connective tissue, and in addition, cells of the myelo- 
blastic type The similarity in the nucleus of some of the eosinophilic 
myelocytes with those of the adjacent lymphocytes suggests that they 
may originate from the latter 

Again m the spleen we found evidence of m}eloid and lymphoid 
metaplasia going on not only side by side but actually mixed together 
There was an increase m the lymphatic tissue in general, with a replace- 
ment of the normal follicles by huge masses of lymphoid tissue Con- 
centration of lymphoid tissue about some of the laige blood vessels 
suggested follicles when seen in cross section The pulp tissue pre- 
dominated m ceitain areas and here the myeloid metaplasia was moie 
in evidence, but myelocytes were also frequentlv found mixed in with 
the masses of lymphoid cells Nowheie was there a distinct line of 
demarcation between the lymphoid and myeloid activity 

The findings in the liver resembled very closely those of ordinary 
acute lymphatic leukemia, with the mterlobulai spaces filled with leu- 
kemic cells and the sinusoids free in geneial, with onlj a few myelocytes 
The lymphoid picture predominated m the leukemic infiltration m 
the polypoid mass found in the intestines Evidence of degeneration 
found in the various organs was no different than that met with in 
ordinary cases of acute myeloid oi lymphatic leukemia 

Viewing the situation as a whole we found some of these organs 
showing a predominance of myeloid activity, while the lymphoid ele- 
ments were more in evidence in others , but both were definitely present 
in all with the possible exception of the liver and the polypoid mass in 
the intestines There was evidence of irritation of both systems in all 
the organs examined (It is regretted that the bone marrow was not 
obtainable for study in this case ) But most important to note was the 
mixing together or diffusion of the immature cells of both systems, with 
no definite line of demarcation between the two It was because of this 
persistent striking feature that I feel justified in calling this case one 
of true mixed cell leukemia 

LITERATURE 

Before going into detail in the discussion of the evidence present 
m this case in favor of a true mixed cell leukemia, I should like to review 
briefly previously reported cases bearing this name Although there 
were several cases of atypical or mixed cell leukemia recorded in the 
literature before Turk ^ reported his case in 1906, he was the first to 
publish what he believed to be a case of tiue mixed leukemia This case 
began with a typical picture of a myeloid leukemia both from a clinical 
standpoint and a micioscopic study of the blood The spleen was 



LOGEFEIL— MIXED LEUKEMIA 


679 


greatly enlarged, the lymph glands noimal in size The leukocyte count 
went up as high as 373,000 with 90 pei cent myelocytes Undei intense 
aisenic theiapy the leukoc}te count diopped until it leached a stage of 
almost a leucopema At one time there weie only 3,500 cells counted 
About eight months aftei the disease staited the picture began to change 
Clinically, the l}mph glands began to enlaige and the blood picture 
sho^^ed an inci easing number of large atypical nongranulai cells, with 
a single nucleus which often showed pale nucleoli (immature lympho- 
cytes) The peicentage of m 3 elocytes m the blood decreased Turk 
speaks of these cells as being of the charactei of lymphoid cells found 
in acute 1} mphomatosis Shoitl}' befoie death, these cells formed 20 pei 
cent of those piesent uhile theie weie only 3 per cent myelocytes He 
believes that the lymph glands were in a stage of at least tempoiary 
acute leukemia He closes his leport by sa}mg that heie he has a case 
of chionic mjeloid leukemia wheie eventually an acute lymphoid leu- 
kemia entered He suggests a possible cause for the entrance of the 
1} mphoid leukemic process, sa} mg that it may be due to an exhaustion 
of the 111 } eloid elements 

Although it appears that Turk had a mixed foim of leukemia, he did 
not have histologic studies of the organs to veiify it This is the mam 
argument of Naegeh Pappenheim.“ Mejer, Hemeke, von Domains and 
others who disagiee uith him Naegeh’- states that histologic studies 
of such a case might shoii the apparent lymphoid tissue to be myeloid 
tissue Fleischman beheies his case was myeloid leukemia with an 
increase in piopoition of hmphocytes in the blood because of a defici- 
ency in the bone marrow Heiz^ believes that the existing stimulation 
producing actnit} of one t}pe of tissue could cause an activity of the 
other t}pe as well Tuik lepoitcd several othei cases similai to the one 
desciibed abo\e 

Hiischfeld" was the onl) one who thought that Tuik had a case of 
the title mixed foim of leukemia, and gave foi fuithei pi oof of the 
existence of this type a lepoit of a case seen in 1909 The leukocyte 
count was 34,000 with the peicentage of lymphocytes vaiying fiom 55 
to 89 per cent He found lymphadenoid metaplasia of the bone maiiow 
along with myeloid metaplasia of the lymph glands and spleen pulp with 
a blood picture of lymphocytic leukemia Many nucleated leds were 
found 111 the lymph glands He felt that the lymphatic leukemia in this 
case was piimaiy and piobabl} the source of the myelogenous activit)'- 

11 Pappenheim, A Bemerkungen rur Frage der akuten Myeloblasten- 
Icukamie und Leukosarcoma, Wien khii Wchnschr 25 163, 1912 

12 Nacgeli, O Blutkiankheiten iind Blutdiagnostik, Ed 2, Leipzig, Veit 

and Compaiw, 1912 ’ 

13 Flcischman, P Der zweite Fall von Monocyten Leukamie Folia 
Haematol 20 17, 1915 
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The bone marrow changes probably occuned first, as shown by the 
early marked anemia, then, changes occuned in the spleen and hvei, 
and last in the lymph glands He believes his case to be an example of a 
true form of mixed myelogenous and lymphatic leukemia His findings 
of myeloid metaplasia in the splenic pulp and lymph glands was similar to 
what I found in my own case In. conjunction with the lymphadenoid 
metaplasia, which he found m the bone marrow, and the blood picture, I 
believe that he is justified in calling his case one of true mixed leukemia 
Hirschfeld also showed that there was a continuous senes of transitional 
forms leading from the typical acute lymphocytic leukemia to the acute 
mixed cell type of leukemia (He modified this observation later ) 
Meyer, Heineke, Fabian, Naegeli, Schatiloff and Pappenheim disagree 
with Hirschfeld and claim that the myeloid tissue m his case was 
squeezed out of the bone marrow through hyperlymphadenoid activity, 
and was thus transplanted into other places where it proliferated vicaii- 
ously m the extramedullai y oigans 

In 1909, Herz ^ reported a ease The clinical symptoms were those 
of acute leukemia with enlargement of the lymph glands on the right 
side of the neck and no enlargement of the spleen There weie 51,000 
leukocytes and 45 per cent nongranulai cells with laige single nuclei 
In later counts the neutrophilic myelocytes increased from 5 to 16 pei 
cent and the large nongranulai cells increased to 54 per cent The 
histologic findings were as follows the bone marrow showed an activity 
of the myeloid tissues with neutrophilic granular myelocytes and non- 
granular myeloblasts In the middle of the myeloid tissue he found 
groups of cells that had all the charactei istics of the small lymphocyte 
They were the same type of lymphocyte as found in the follicles of the 
spleen However, the bolder line between these “herds” or groups of 
lymphocytic cells and the myelocytes was lather sharp The spleen 
showed typical myeloid changes in the pulp with suppression of the fol- 
licles, but the latter could still be seen although they were small The 
lymph glands showed a picture often seen in chionic lymphatic leukemia 
with the stiucture gone, follicles and mtei follicular tissue indistinguish- 
able Most of the cells were proliferating lymphocytes No germ center 
cells were seen In the center of these condensations of lymphocytes, 
he found large cells with a single nucleus which he interpreted as 
neutrophilic myelocytes In one pulmonary lymph gland he found a 
marked activity of the lymphoid tissue with a moderate activity of the 
myeloid element The liver in this case showed small groups of so-called 
myeloblasts in the interlobular tissue Herz calls his case one of mixed 
leukemia because of the simultaneous appeal ance of both types of tissues 
in the bone marrow, with a definite diffuse inj^eloid hyperplasia and 
lymphatic activity, and further because of the myeloid metaplasia in the 
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spleen and hmphoid metaplasia m the lymph glands, the lattei also show - 
mg myeloid metaplasia 

Yon Domariis ® agiees w ith Heiz m his diagnosis, but Naegeh ' again 
disagrees, sajing that the appeal ance of the nneloid cells was agonal oi 
a dispel Sion of manow’ cells due to sepsis, as an endocaiditis wms found 
at necrops) Heiz admits that sepsis can explain the acute hmphatic 
leukemia follow^ed by a ni) eloid leukemia but he does not believe it can 
explain a nu eloid metaplasia m the bone maiiow, spleen and lymph 
glands as was found m his case Heiz concludes b} slating the fact 
that, along with mail) hmphocites an important numbei of the elements 
of ni) eloid tissue w'as present m the blood, and m addition, actnit) of 
both t)pes present in the hematopoietic organs pioies that theie must 
be a disease of both t}pcs of tissue that is. a mixed leukemia It w’as 
these facts that made Heiz call his case mixed leukemia 

The next case of mixed leukemia was tliat repoited b) llerxheimer ^ 
The white count was 72,000 The difterential showed most of the 
cells to be small h mphoc) tes but wnth 25 jier cent ni\ cloblasts He also 
found many small cells with a single nucleus which stained \ery daik 
and had little, if aii) , sti uctui e The) had a \ ei ) nai i ow c) toplasm 
He interpreted these as being miciomx cloblasts oi \ei) )oung, small 
lymphoc)tes He interpictcd the large cells, with a single nucleus hat- 
ing a distinct clear fine structure and man) nucleoli, as being myelo- 
blasts iMost of the cells m the bone marrow' weie lymphoettes but 
there were some nnclocytcs and de\ eloping red blood cells The extia- 
mediillar) organs showed etidence of ni) eloid and hmphatic actuitt 
Necropsy show'ed no etidence of sepsis, but a laige leukemic mass in 
the mediastinum m w'hich the thtmus was obhtciatcd He concludes 
that his case could be interpieted as one of the small cell leukemias if 
It were not for the presence of nncloctlcs m the various oigans, eten 
including the mediastinal tumor He belietes that fust theie was a 
I)mphatic leukemia and later the entiance of a mycloblastic leukemia 
w ith a tendenc) tow'ai d tumoi -like activit) , espccialh m the medi- 
astinum, and that his case, like those of Hirschfeld and Heiz, is an 
example of ti ue 1) mphatic and myeloid leukemia 

Naegeh' and his follow'eis, not believing it is possible to ha\e a 
mixed leukemia, explain Heixheimei’s case on the basis of a compen- 
sator) activit) of the “stem” cells, oi immature leukocites follow'ing 
then expulsion fiom the bone maiiow', as is obseived m 1) mphatic 
leukemia and toxic anemia They again oflei the explanation that the 
myeloid cells aie the result of a vicarious activit) of displaced bone 
marrow' myeloid tissue in the exti amedtillary oigans Heixheimei does 
not behe\ e that his case can be explained by a simple passing out of cells 
into the blood, as was spoken of m Heiz’s case, as theie w'as no septic 
cause for this m his case He does not see *w hei e the pi oof has been 
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gnen foi Naegeli’s idea of the vicarious activity of displaced bone mar- 
row myeloid tissue, and that this idea is no better than his own, namely, 
that this case is one of a true mixed leukemia He does not believe 
that we can definitely say whether it is a vicarious activity or not until 
we know the cause and origin of leukemia Because of the distinct 
separation of the local development of the lymphocytes and granular 
leukocytes, even though they are side by side, the farthest he wants to 
go IS to call his case one of combined leukemia, and he leaves the ques- 
tion open as to the cause of the appearance of the latter form of leu- 
kemia, in his case the m)'^eloblastic leukemia, that is, whether it is a 
compensatory entrance or not 

De Gastello reports a case of mixed leukemia, where a leukopenia 
developed under the use of roentgen ray and lymphocytes entered 
Naegeh and Pappenheirh explain this by assuming that there was a 
de-differentiation of the myeloid cells 

In 1905, Browning reported a case which he called mixed cell 
leukemia The leukocyte count a few weeks before death was 98,300, 
with a dififerential count of 12 8 per cent neutrophilic myelocytes and 
transitionals, 38 pei cent neutrophilic polymorphonuclear leukocytes, 
4 5 eosinophilic myelocytes, basophilic cells 2 per cent , large nongranu- 
lar, 40 7 per cent , small nongranular 4 per cent Seventeen normoblasts 
were seen while counting 1,450 leukocytes 

He described a typical eosinophil with pecuhai fine, pink granules 
that are very scanty, also cells in every way like the large non- 
granular elements except that they contained coarse, spherical, basophil 
granules which were numerous The author concludes fiom his observa- 
tions on the origin of granulai leukocytes in the human fetus, previously 
1 ef erred to that such appearances indicate a reversion to fetal condi- 
tions, the large nongranular basophil cells being due to reversion of the 
gianular myelocytes to undifferentiated leukoblasts, or to hyperplasia of 
the few such cells normally present in the adult marrow, with the 
resumption of the embryonic capacity for secreting granules 

In addition to the previously described cases of mixed leukemia, 
there aie many cases of atypical leukemia lecorded in the literature 
I have picked out a few of them which may have some of the features 
of mixed leukemia, and may possibly fall into this classification 

In 1915, Krjukow reported a case of acute microlymphoidocytic 
leukemia, in which theie was hyperplasia of the follicles of the spleen 

14 De Gastello Quoted by Herxheimer, Footnote 4 

15 Naegeh, O , and Pappenheim, A Quoted by Herxheimer, Footnote 4 

16 Browning, C A Case of Mixed-Cell Leukemia with a Short Account 
of Recent Views on Atjpical Leukemias, Lancet 1 507 (Jan ) 1905 

17 Krjukow', A Ueber einen Fall von akuter Microfi'mphoidozyten- 
Leukamie, Folia Haematol 15 328, 1915 
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and lymph glands and a distinct development of myeloid tissue in the 
spleen The patient impio\ed so far as the leukemia was concerned but 
died of an intercurrent pneumonia 

Michaehs found eMdence of the cliflerentiation from nongianular 
cells (probably immatuie l3mphoc}tes) to fine gianular types m the 
blood of a patient The spleen showed large nongranulai mononuclear 
and giant cells vith similar t}pes found in the bone mairow, liver and 
l3mph glands 

Simon reported a case with m3eloid elements piedominating m the 
blood at the onset, vith deciease m the m3’eloid elements as death 
approached and a lelatne coiiesponding increase in l3nnphocytes 

A difterential count on two of Wolff’s cases showed 78 per cent 
nongranulai cells, piobabh immatuie I3 inphocytes, with 17 per cent 
m3 elocytes 

Klein and Stemhaus repoit a count of 41,000 leukoc3tes, 66 pei 
cent of which A\ere lymphoc3tes and 17 per cent inyeloc34es The 
m3eloc3tes formed a greater part of \aiious tumor masses thioughout 
the bod3’, but A\ere not present in the spleen 01 the lymph glands 

In a case of Foulei's.-- SO per cent of the cells were large non- 
granular t3’pes undoubtedl3* immatuie hmphocytes, with 12 per cent 
myelcc3 tes 

Wilkinson-'’ lepoits a case which began as a t3pical m3'e!oid leu- 
kemia, but later immature lymphoc3tes appeared 111 the blood These 
increased m numbei as the disease continued and weie quite numerous 
shortly before death It is important to note that in this case “the 
peculiar feature of the blood was that l3miphoc3’tes w^eie quite as numei- 
ous as m3eloc3tes and there was evei3' giadation between the twm All 
t3pes of nucleated red cells w'ere piesent ’’ The last blood smear taken 
showed an amazing t3pical I3 mphoc3 temia though m3’^eloc34es w’’ere 
present 

Thus at first, there was a myeloc3 temia wnth l3mphoc34es m mod- 
el ate propoition, while later a l3miphoc3 temia wnth numeious m3felocytes 

18 Michaelis, L Ucber eiiicn dcr Gruppe der Leukaniic-artigen Erkran- 
kungen zugehongcn Fall, Ztschr f klin Med 45 87, 1902 

19 Simon, C E A Case of M 3 'elogcnous Leukemia wuth Severe Unusual 
Features (Absence of Eosinophilic Leukocytes), Am J M Sc 125 984, 1913 

20 Wolff, A Ueber dcr Bedeutung dcr hmpboid Zelle bei der normalen 
Blutbildung und bei der Leukamie, Ztschr f klin Med 45 385, 1902 

21 Klein and Stcinhaus Ucber das Chlorom , Centralbl f allg Path u 
path Anat 15 49, 1904 

22 Fovler, J S On the Occurrence of a Form of Leukemia Intermediate 
in Type Between the Lymphatic and the Splcnomedullarj'- Forms, with Notes of 
a Case in a Child Five Years Old, Internat Clm 3 217, 1903 

23 Wilkinson, R A Case of Leukemia with Change of Type in the 
Appearances of the Blood, Lancet 1 1739 (Jan ) 1903 
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present It is apparent that the abnormal leukocytes present had under- 
gone a complete change This case resembles mine in that the myeloid 
leukemia predominated eaily while lymphocytic activity increased later 
From the foregoing description, I believe Wilkinson’s case became 
eventually one of true mixed leukemia 

DIFFERENIIAL DIAGNOSIS 

Fabian, Naegeh and Schatiloff ® define the acute lymphatic and 
myeloid types in their paper on leukemia They also emphasize the 
point that in the beginning of acute lymphatic leukemia there is a 
certain small percentage of myelocytes m the blood which are crowded 
out of the bone marrow, due to the abnormal lymphatic piohferation 
there The authors say these dimmish rapidly as the disease progresses 

It IS important to note in this regard that, although myelocytes may 
be found in the blood when any great demand is put on the bone marrow, 
promyelocytes and leukoblasts never appear unless there is a definite 
specific stimulation of the bone marrow, or extramedullary organs such 
as IS found in myeloid leukemia 

The same can be said in reference to the lymphocytes in myelogenous 
leukemia, for here, although lymphocytes aie found in the blood, the 
immature forms described by Naegeh are not found in the blood unless 
there is stimulation of the lymphatic tissue similai to that producing 
the activity of the myeloid tissue 

It IS impoitant that the diagnosis of leukemia should not depend on 
the blood findings alone The case should be considered as a whole 
including the clinical picture as well as the histologic study of the 
various organs involved This point was clearly shown in Pappenheim’s 
case of myelogenous leukemia where the only changes present were in 
the bone marrow Meyer, Heineke and Butterfield i eported a case 
of myelogenous leukemia with no changes m the bone marrow (both 
cases were referred to by Werzberg -^) 

Pappenheim,^® Walz and Dennig have reported cases which 
hematologically were lymphatic leukemia, yet in these cases the spleen 
and lymph nodes were not involved, but the bone marrow showed some 
lymphocytes 

24 Butterfield, E , Heineke, A, and Meyer, E Ueber das Vorkommen der 
Altmannschen Granulationen m den weissen Blutzellen, Folia Haematol 8 337, 
1909 

25 Werzberg, A Neue experimentelle Beitrage zur Frage der mjeloiden 
Metaplasie, Virchow’s Arch f path Anat 204 272, 1911 

26 Pappenheim, A Zwei Falle akuter grosszelliger Leukainie, Folia 
Haematol 4 301, 1907 

27 Walz Quoted by von Domarus, Footnote 8 

28 Dennig, A Ueber akute Leukamie, Munchen med Wchrschr 47 1297 
1900 
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So the impoitance of a complete study of a case is evident It was 
because Tuik did not have any histologic studies to accompany his 
case of so-called mixed leukemia that he was ciiticized in making his 
diagnosis 

The importance of nucleoli as the distinguishing factoi between the 
early types of lymphatic and myeloid cells has been gieatly studied and 
discussed, but the piesent day viewpoint accepted by most hematolo- 
gists IS that they are woithless as a means of difleientiation Buttei field 
and Pappenheim found that the numbei piesent varied so gieath 
that it was of no significance Naegeli,^- howevei, believes that myelo- 
blasts can be dififei entiated fiom lymphoblasts by the numbei of nucleoli, 
there being moie m the case of the m 3 ^eloblasts 

With regal d to the oxydase leaclion, Pappenheim and Dohrei ” 
conclude regaidmg it that “it does not indicate an absolutely unfailing 
histogenetic difieience between two heteiogenous cell laces ” 

We cannot depend on the piesence and chaiactei of azure gianules 
m the cells as a sure means of diflfeiential diagnosis between myeloid 
and lymphoid cells liyneke gives a compiehensne leview of the 
liteiature up to 1912 Lippman, in an unpublished papei, leviews the 
hteratuie up to 1922 and his conclusions aie that, taken as a whole, 
aziue gianules aie of no \alue m distinguishing between myeloid and 
lymphoid cells However, he admits that the coarse, angular, puiple 
granules desenbed b) Pappenheim as chaiactei istic of the myeloid stem 
cell aie only laieh found in lymphocytes and aie numeiically much less 
in the latter The azuie granules of lymphoc}tes aie much finei and 
inoie reddish m coloi 

Plyneke, in his discussion of gianules, states that he has found cells 
w'lth both neutiophil and azuiophil gianules m an acidophilic cytoplasm 
He disagiees wuth Giavitz and Pappenheim, wdiom he quotes, as saying 
that azuie gianules nevei occui except in a basic cytoplasm 

With the foiegomg discussed points in mind, let us deteimine the 
classification of my case The smeais showed, as noted befoie, all stages 
of developing myeloid cells fiom the oiigmal stem cell of Pappenheim 
to the fully difierentiated gianulai leukocyte Foi this leasoii the case 
could not be classified under the heading of simple lymphatic leukemia 
Naegeh might explain the piesence of myelocytes thiough foicmg out 
of bone marrow tissue into the blood, but I am suie that he w’-ould not 
feel that this aigument wmuld hold tiue wheie pi omyelocytes and leuko- 
blasts weie piesent, as well as stem cells with the typical myeloid type 
of gianulation of Pappenheim 

29 Pappenheim, A Bemerkungen ubci ailhche Unlcrshiede, usw, der 
lymphoiden Zellformen dcs Blutcs, Folia Haematol 9 321, 1909 

30 Hyncke, K Fur Monoztylenfiage, Folia Haematol 13 345, 1912 
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For practically the same reason the case could not be classified from 
the blood findings as simple myelogenous leukemia, for, as noted before, 
immature lymphocytes m vaiious stages of development were present 
111 all smears, even predominating in the later one The blood picture 
in my case resembled very much that found by Turk in his first case 
From the findings I cannot classify it as simple lymphatic or simple 
myelogenous leukemia, for theie is a mixture of both types present, the 
latter predominating first and the formei predominating later So the 
blood findings indicate to me that my case is one of true mixed leukemia 
Histologic examination of the tissues does not allow me again to 
consider the case as a simple one of either type, but as a mixture of 
both, except in the case of the liver and the intestinal polypoid mass 
The latter two, if considered alone, favoi lymphatic leukemia, as the 
findings here are quite typical of this condition This point, however, 
considered along with definite evidence of myeloid metaplasia in all the 
other organs examined, only emphasizes the fact that here we are 
dealing with a mixture of the two t)q)es 

Sections of all the other organs studied showed evidence of activity 
of both systems Lymphoid metaplasia predominated in the spleen, yet 
there were areas where the myeloid activity was more in evidence In 
these areas, the pulp also predominated Myelocytes were even found 
in the areas of condensation of lymphocytes about some of the blood 
\essels, as described before Some of these myelocytes had a small, 
dark-staining nucleus positively indistinguishable from the nuclei of 
some of the surrounding lymphocytes The fact that the follicles had 
disappeared, and in some cases showed evidence of atrophy, as well as 
the fact that myeloid metaplasia was so much in evidence, make it 
impossible to classify this case as a pure lymphatic leukemia Also the 
fact that theie was a total increase m lymphatic tissue over that of a 
normal spleen, and the presence of large areas of concentration of 
lymphocytes, probably replacing the malpighian bodies, forbids placing 
it in the category of simple myelogenous leukemia 

The above statements hold true for the lymph glands as well as the 
spleen Again, man}^ of the myelocytes found in the lymph nodes had 
small dark nuclei, rich in chromatin, which were identical with those 
of adjacent lymphocytes It would appear that they have a common 
origin, or better, that the myelocytes develop from the lymphocytes 
In reviewing the lung, kidney and pancreas findings the important 
fact to note is that both myeloid and lymphoid metaplasia was much in 
evidence in these organs The local development of myelocytes and 
immature lymphoc}tes was common The developing cells of both 
s} stems were mixed diftusely together with no definite arrangement 
and no evidence of separation of the two systems 
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Because of this diffuse mixing togethei of lymphoid and myeloid 
elements m the various exti amedullai y oigans, I have anothei stioiig 
reason foi classifying my case as one of tiiie mixed leukemia 

Myelocytes have been found in lymphoid oigans m othei instances, 
aside fiom cases of myelogenous oi mixed leukemia 

Citron and Fineman®- lepoited cases wheie the} found myelo- 
olasts coming right out of the follicles in the lymph nodes 

MacCallum^^ would say that these cells weie tiaiisplanted fiom tne 
bone marrow and giew in the exti amedullai y oigans Naegeh ‘ believed 
the same until lecently, but now he admits that m}eloid cells can develop 
fiom what he calls undiffeientiated mesench}mal cells which occui 
about the blood vessels in exti amedullai y oigans Ho^^eve^, he admits 
in his last textbook that these undilTeientiated cells can develop into 
either lymphoid oi myeloid t} pes He admits m this statement that thei e 
IS a common mother cell of the two types undei ceitain circumstances 
Meyei and Heineke ^ slate that myeloid tissue in lymphatic organs 
does not arise from the lymphoc}tes m the follicles, but fiom an undif- 
ferentiated element similai to the lymphoid cells of bone maiiow 

Sternbeig claims that the follicles and pulp stiands can be enlaiged 
in myelogenous leukemia so that the boidei lietween the follicles and 
the pulp IS wiped out oi indistinct He has found m}elocytes m the 
follicles 

Fabian, Naegeh and Schatiloft ® stale that study of the inteimediate 
foims between the eailiest types of immatuie cells and the adult cell 
IS necessary in order to classify the uniipe cells Foi example, in the 
case of myeloid leukemia, inteimediate foims between the myeloblasts 
and the myelocytes should be piesent in laige niimbeis They also 
mention the appeal ance of a large numhei of nucleated led blood cells 
m myeloid leukemia 

Using this as the ciiterion, it is evident that theie was definite leu- 
kemic activity of both systems in my case 

The above citations, in con elation with the pieviously leviewed cases 
of mixed leukemia, in addition to my own case, aie evidence enough, I 
believe, that myelocytes may develop along with 1} mphocytes m lymphoid 
organs, in spite of the fact that Naegeh and his followeis insist that the 
two systems are entirely separate, and are nevei mixed oi found together 
in the true sense of the woid 

31 Citron, J Uebct 7wei bemeikcnswcrte Falle von (akutei) Leukamie, 
Foha Haematol 20 1, 1915 

32 Fineman, Solomon A Study of Miciolymphoidocytic Leukemia, Aich 
Int Med 29 168 (Feb ) 1922 

33 MacCallum, W G Text Book of Pathology, Philadelphia, W B 
Saunders Company, 1917 

34 Sternberg, C Leukosaikomatose und Mveloblastenleukamie, Beitr z 
path Anat u z allg Path , Jena 61 75, 1915 
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Let us now consider some of the objections to the diagnosis of mixed 
leukemia which have been made by various men 

Naegeli/ of course, as well as his followers, insists that it is impos- 
sible to have a condition of mixed leukemia They believe that the two 
systems, lymphatic and myeloid, are separate and distinct with a separate 
stem cell for each type from which the adult cells develop They believe 
it IS impossible to have a mixed form The question whether or not 
there is a separate mother cell of the two types or whether they may 
develop from a single common mother cell will be discussed a little later 
m the paper 

Several objections or questions have been raised regarding pie\iously 
leported cases of mixed leukemia 

Naegeli objects to Herz’s case, claiming that the appearance of the 
myeloid cells was caused by displacement of marrow cells, due to sepsis, 
as an endocarditis was found at necropsy Herz’s answer to this 
objection has already been given m the previous discussion of his case 
In regard to my own case there was no evidence of sepsis either from 
the clinical histoiy, physical examination or at necropsy Even if 
there had been, I do not believe that sepsis can explain the appearance of 
either the lymphoid oi the myeloid metaplasia which was so very definite 
and prevalent in the spleen, lymph nodes, lungs, kidneys and pancreas 
Turk,®® in 1907, reported two cases of septic disease with lymphemic 
blood findings The first case showed 90 per cent lymphocytes, and a 
diagnosis of lymphatic leukemia with secondary sepsis was made 
Necropsy showed a septic endocai ditis, and almost entire withering of 
the granulocytes in the bone marrow with replacement by lymphoc>tes 
This was not considered a case of leukemia 

The second case showed leukocytosis with 62 per cent lymphocytes 
A diagnosis of lymphatic leukemia with secondary sepsis was made 
Erb ®® reports a case of lymphatic leukemia in which a secondary 
septicemia later developed There were 91 per cent lymphocytes and 
only 0 5 per cent myelocytes Tissue sections showed a lymphatic 
metaplasia in all the blood forming organs 

Eppenstein ®' discussed the question of acute leukemia with “Strepto- 
kokkensepsis” and reports several cases He believes that the sepsis 
was the secondary invader He refers to cases by many other authors 
including Vogedes, Frankel, Jousfet, Holst, Zieglei and Jochman who 
report cases similar to his, with a positive blood culture The path of 

35 Turk, W Septische Erkrankungen bei Verkummerung des Granulo- 
zjtens 3 'stems, Wien klin Wchnschr 20 157, 1907 

36 Erb, W Septische Erkankungen und akute Leukamie, Deutsch med 
Wchnschr 33 833, 1907 

37 Eppenstein, H Akute Leukamie und Streptokokkensepsis, Deutsch 
med Wchnschr 33 1984, 1907 
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entrance of the streptococcus could not be found, lion ever, m Eppen- 
stein's case Eien the tonsils, which aie usually snollen m leukemia, 
nere unchanged The blood count in his case shoved 96 per cent 
hmphocites No nnelocites weie found in the blood 

Naegeh as quoted by Eppenstein, reports a case of chronic 1 } iiipliatic 
leukemia nhere streptococcic sepsis appeared sliortl} before death 
Although 111} eloci tes appeared ni the blood, no } ounger cells than these 
nere found and the nnelocites nere present oiilv in a ^ery small 
percentage 

It is eiident from the study of the pieceding cases that sepsis alone 
n ill not produce a hmiphatic metaplasia in the bone marron . or myeloid 
metaplasia in the hmphoid organs nhere the opposite condition was 
priniar} and preexistent In other nords add sepsis to an existing 
acute hmphatic leukemia and nneloid metaplasia mil not appear in the 
extramedullar}’ organs Sepsis ma} cause the appearance of myeloc} tes 
111 the blood in a case of acute 1 } mphatic leukemia, but it never has been 
shomi to produce ni} eloid metaplasia in the extramedullary organs 

Von Domarus ® behei es n ith Naegeh that one can get the same 
changes in a nneloid organ from sepsis as one can get in a myeloid 
leukemia, and quotes ]\Ie}er and Heineke as beheMiig the same thing, 
and tliat it has been produced experimentall} m animals He refers 
here to the animal experiment of Rachzeh,'’® where hmphadenoid meta- 
plasia of the bone inariow was obserxed He also insists that the tissue 
reaction to bacterial toxins can be either nneloid or hmphatic in 
character 

Howexer. the cases of sepsis and leukemia as reported in the litera- 
ture xx'hich I haxe read do not coincide xvith these animal experiments 
Blood and tissue changes somexxhat leukemic in character produced in 
animals are xery different from leukemia in human beings 

Another explanation xvhich Naegeh gaxe for the appeal ance of the 
marroxv cells in Herz’s case xxas that it xxas agonal I behexe it is 
possible to hax e a fexx m} elocytes throxx n out into the blood, possibh as 
a compensator} effort on the pait of the bone marroxv, as death 
approaches, but the production of actixe metaplasia in the extramedul- 
lar} organs is entirely unhkel} 

Naegeh has also objected to the diagnosis of mixed leukemia, espe- 
ciall} in the cases of Hirschfeld and Herxheimei . on the basis that the 
nneloid metaplasia, exidence of wdnch xxas present in the blood smears 
and extramedullary organs, xx^as due to displacement or transplantation 
of bone marioxv tissue into the extramedullary organs, these myeloid 
cells hax mg been forced out of the bone marroxv because of the massix'e 
1 } mphatic infiltration xx itli suppression of the myeloid actmty there 


38 Rachzeh Quoted b\ You Domarus 
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In speaking of Herxheimer’s case, Sternbei g suggests that there 
was a local diminished resistance in the mediastinal tumor, possibly due 
to focal changes, so that myeloid activity could enter and take hold 
So far as I could determine, no proof was given to substantiate 
either one of these ideas, while, on the other hand, definite instances of 
myeloid metaplasia had been found in the extramedullary organs as 
discussed before Instances of this ha^ e also been found m conditions 
other than that of mixed leukemia 

Butterfield found cases of masses of myeloid cells in the extra- 
medullary organs without hyperplasia of the bone marrow, and when 
he found myeloid tissue in the obliterated appendix and in granulation 
tissue, he had another good argument in favor of the local formation 
of myeloid cells, whether m the spleen, lymph glands or liver 

Werzberg“® states that you may'^ get myeloid metaplasia of the parts 
in cases of hyperplasia of lymph nodes His assertion of the fact that 
lymph follicles are small and unseen and without germ centers in most 
cases of chronic myeloid leukemia does not indicate, however, that the 
lymphopoietic tissue was passive or was squeezed out or substituted 
by a myelopotent pulp tissue But on the other hand, both pulp and 
follicles may react to the same poison by myeloid metaplasia or hyper- 
plasia It IS evident that Naegeli’s explanation need not always hold true 
Pappenheim “ claims that the myeloblasts present are the result of 
the differentiation of lymphocytes coming from lymphoid tissue In 
the same way he explains the presence of the 1} mphocytes as the result 
of a backward differentiation of myelocytes to a primitive stem cell, and 
a forward differentiation into the various stages of developing lympho- 
cytes to the mature adult cell However, he can only offer this explana- 
tion by assuming a polyvalent stem cell which, of course, he does 

In my case de-differentiation of 1) mphocytes back to the stem cell 
and then to myelocytes, or vice versa, is possible, but it seems to me 
there is more evidence of a direct formation of myelocytes from lympho- 
cytes as indicated by the great similarity between the nuclei of some of 
the myelocytes and lymphocytes This was very noticeable in the spleen, 
kidneys, lungs, pancreas and lymph glands In the inter acmai connec- 
tive tissue of the pancreas many very small eosinophilic myelocytes were 
noted, where not only the nuclei were identical with those of the small 
lymphocyte, but the actual size of both of the cells was the same, indi- 
cating that many of these small lymphocytes in the tissue differentiated 
directly into myelocytes and developed eosinophilic granules without any 
change in the size of the cell occurring (Fig 9 g) 

39 Butterfield, E Ueber die ungranulierten Vorstufen der Myelocjten 
und ihre Bildung in Milz, Leber und Lymphdrusen, Deutsch Arch f him 
Med 92 336, 1907-1908 
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Naegeh explains the presence of the myeloblasts in Herxheimer’s 
case as a compensatory actnity of tlie stem cells of the leukocites, 
following their oppression in the bone marrow Similai observations 
hare been cited by Fischer and Naegeh in lymphatic leukemia and in 
toxic anemia 

Ziegler in his discussion of hmphatic and myelogenous leukemia 
states that an atrophy of one S3Steni means the Itypertrophy of the other 
and Mce leisa He sa3s there must be a proliferation of the entire 
preformed tissue But the fact that ne have localized changes in 
leukemia speaks against Ziegler 

Hertz has show n in his experiments on animals that leukocytic 
metaplasia ma3' occur without formation of red blood cells, and that 
formation of leukoc3tes and the ei3throc3tes do not alwa3s run parallel 
These experiments would indicate that m3feloid metaplasia is not merely 
a compensatoi3 phenomena on the part of nature 

The fact that there was so much eMdence of actiMt3 of both s3^stems 
m m3'’ case at all times, e\en though one or the other predominated 
shghtN during the course of the disease, would make it seem illogical 
to explain the condition on the compensatorv basis 

The use of roentgen ra3 and diugs in the treatment of some of the 
jireMOUsh leported cases of mixed leukemia ha\e been uiged as an 
explanation b3 men w ho object to this diagnosis Since 1113'- case received 
no roentgen-ra3 tieatment and was gnen no medicine except simple 
tonics, It will not be necessar3 to discuss this objection 

The explanation of the findings m true mixed leukemia is so closel3 
correlated with the origin of blood cells that a discussion of the foimei 
subject would be len* incomplete without mentioning, at least briefl3 , 
the theories and views on the latter subject Ehrlich was the first one 
to la3'- down the laws of morphologic, biologic and genetic specificit3'’ of 
the white blood cells , nameh , that l3mphoc3 tes originate m the l3'’mphatic 
organs (spleen, l3’’mph glands and adenoid tissue of the digestive tract) 
and the granular leukocytes along with led blood cells from the bone 
marrow It has been shown since the tune of Ehrlich that normal 
adipose tissue of the adult bone marrow’ can take on its embr3'ologic 
function under pathologic conditions Why, then, cannot the adult 
spleen which is rich in myelogenetic tissue m mtra-utenne life, assume 
Its myelogenous function again under a similar pathologic condition? 

40 Ziegler, R Experimentelle u klinishe Untersuchungen uber die His- 
togenese der m 3 eloiden Leukamie, Jena, G Fischer, 1906 

41 Hertz, R Zur Frage der experimentellen mieloischen Milz Meta- 
plasie, Ztschr f klin Med 71 435, 1910 

42 Ehrlich, P, and Lazarus, A (Rewritten b\ A Lazarus and O 
Naegeh, and translated by H Armit) Anemia, New York Rebman Compain, 
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Many clinicians and hematologists have discussed and tiied to solve 
this c[uestion 

Hematologists are divided into two gieat schools, the dualists on 
one hand, who behe\e that there is a specific separate stem cell for the 
lymphocytes and the myeloc} tes, and, on the other hand, the monophy- 
letists, who believe that, at least under certain conditions, lymphocites 
and myelocytes may have a common “mother” or “stem” cell 

Among the chief exponents of the unitanan theory (monophyletic) 
as quoted by Downey and Fineman,’- are Pappenheim,^^ Giawitz,^"* 
Weidenreich,'*'' Maximow, Downey,''^ Ferrata, Du Toit, Arnold, Neu- 
mann, and Danchakoff Among the chief exponents of the dualists 
are Naegeh, Ehrlich, Stockard, Ziegler, Turk, Schridde, Fischer, But- 
terfield, Stillman, Meyer and Heineke 

Ehrlich’s classification of blood cells forms the basis of the modern 
duahstic teachings and is piactically accepted by the great majority of 
the clinicians today I will first mention some of the points which the 
dualists offer in favor of their theory 

Ehrlich and the dualists insist that there is a marked contiast 
between myeloid and lymphatic tissues in their origin They believe it 
IS impossible to have a mixture of myeloid and lymphoid metaplasia, 
and that the lymphoblast and myeloblast are very different in appear- 
ance and can always be distinguished from one another 

Fabian, Naegeh and Schatilloff,® after an intensive study of many 
cases of 13'^mphatic and myeloid leukemia, state that in no case did the 
lymphatic tissue become myeloid or vice versa The findings m the 
organs as well as in the blood smears always showed the two types as 
distinct and separate 

Naegeh points to Herxheimer’s case of apparent mixed leukemia 
as definite proof of the duahstic idea, in that here Herxheimer found 
a sharp distinction between the lymphocytic and myelocytic infiltrations 
in the different sections of the mediastinal tumoi and the other organs 
studied 

Of course, as stated before, Naegeh ' insists that theie are no 
transitions between the myeloid and lymphatic systems He explains 
the presence of myeloid metaplasia in the spleen and lymph nodes and 
the action of myeloid elements in the blood, by dividing the tissues of 
the spleen into myeloid and lymphoid elements He classified the 

43 Pappenheim, A. Die Zellen der Icukamischen myelose, Jena, G Fischer, 
1914 

44 Grawitz, E Klinische Pathologic des Elutes, Leipzig, Georg Thieme, 
1911 

45 Downey, H, and Weidenreich, F Ueber die Bildung der Ljmphocyten 
in Lymphdrusen und AIilz, Arch f mikr Anat 80 367, 1912 

46 Danchakoff, V Origin of the Blood Cells, Anat Record 10 397, 1916, 
Concerning the Conception of Potentialities in the Embryonic Cells, ibid 10 
415 1916 
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follicles of l}mpli nodes and spleen as being lymphoid, but the inter- 
follicular tissue and pulp as being capable of producing m}eloid cells 

Schridde assumes that the endothelium of lymph ^ essels may give 
rise to l}mphocytes, and that of blood vessels to myeloid tissue How- 
ever, Douney*® has shown that lymphocytes are developed in gieat 
numbers in the spleen where there are no lymph vessels 

Naegeh,' in his latest textbook, still insists that there have been no 
pro^en cases where the tiansition from lymphoblasts to myeloblasts 
has e^er occurred 

Referring to the large, indifferent nongranular cells, Butterfield 
believes that 0116 cannot tell whether they are my'^eloid or lymphoid m 
origin, but he adds that the} must be difterent because of the Avidely 
separated localization in the tissues of the myeloid and lymphoid 
elements 

MacCallum states that ly^mphoid and myeloid tissues are so specific 
that they are never mixed He insists that examples of abnormal meta- 
plasia are due to tiansplantation of cells which then grow in then new 
locations 

The Unitarians also haAe eMdence for their theory Pappenheim,^'-’ 
in 1908, assumed a common stem cell foi both ly mphocytes and niyelo- 
cytes and says it is ubiquitous in all hematopoietic tissue It may be 
the germ center cell of lymphatic tissue or the primary^ stem cell of 
myelogenous tissue The presence of these stem cells may’’ explain 
the origin of myeloid metaplasia of the splenic pulp and lymphoid meta- 
plasia of the bone marrow Fiom them, by' pioliferation and differentia- 
tion, we may get lymphocytes or myelocytes, lymphatic or my'eloid 
tissue, depending on whether the irritation is lymph or myeloplastic 

Pappenheim,-^ in a study' of two cases of acute large cell leukemia, 
states that both cases point to the morphologic type of large ly mphocyte 
of Ehrlich as an indiffeient multipotent ly'inphoblastic and my'eloblastic 
stem cell Pappenheim concludes that, if the dualists are right, the large 
lymphocyte found in the first case can only be the stem cell of the 
myeloblast, and m the second case with many small lymphocytes, 
there must be a mixed leukemia, that is, a my'eloidly'inphadenoid leu- 
kemia , and in the foi mei case a ly mphadenoidmyeloid leukemia They' 
belieAe that m one case there is atrophy of lymphadenoid tissue and m 
the other suppression of my'eloid production 

47 Schridde, H Die embrjonale Blutbildung, Erwiderung an Herrn Prof 
A Maximow, Zentralbl f allg Path u path Anat 20 433, 1909 

48 Downe}', H On the Development of Lj'mphocytes in Lymph Nodes and 
Spleen, Tr Minn Pathol Soc 1912, 1914 

49 Pappenheim, A , and Hirschfeld, H Ucber akute m 3 'eloide und h inph- 
adenoide, makroh mphoidcjlare Leukamie an der Hand a on zwei Aershiedenem 
Fallen, Folia Haematol 5 347, 1908 
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Citron,®^ in 1915 , repoited a case of leukemia A\here the blood 
showed a definite myelogenous picture with a normal bone marrow 
Citron’s conclusion was that the micromyeloblastic cells of the blood 
were being generated in the follicles and interfollicular tissue of the 
lymph nodes and spleen, and that these cells were passing from the 
follicles into the blood stream 

Fineman presented a case of acute micromyeloblastic leukemia 
where a lymph node was obtained in vivo, the study of which showed 
‘atypical cells prohfeiating in great numbers in the capsule, inter- 
follicular tissue, lymph coids, lymph follicles, and m the germ centeis 
of the lymph follicles Transition forms between the connective tissue 
cells of the capsule and these atjpical cells, as well as between lympho- 
cytes and the atypical cells, were present m the capsule In the mter- 
folhcular tissue, as well as in the follicles, and even in the germinal 
centers, transition forms between these atypical cells and leticulum and 
lymphocytes were also present These at3'pical cells form the majorit) 
of the cells of the parenchyma ’ In conclusion, he states that the 
myeloblasts and microm} eloblasts of the blood weie coming fiom these 
atypical cells found m the oigans 

These two cases (Citron and Fineman) are of utmost significance, 
in that they are the first ones on recoid which would seem to prove that 
the duahstic doctrine of the origin of white blood cells does not alwajs 
hold true 

Werzberg,"^ m studies on myeloid metaplasia, found in his cases all 
transitional stages from the large lymphocyte to the fully differentiated 
pol3^morphonuclear cell He found intensive h3'perplasia of splenic 
follicles with rarefication of splenic pulp which was undergoing m3'’eloid 
metaplasia The large l3mphoc3'tes of the bone maiiow were identical 
111 structuie with those of the germ centeis and the pulp of the spleen 

Downe3 ’s investigations show clearly that the h mphocyte is not a 
fixed and fully diff ei entiated cell which is incapable of furthei differ- 
entiation, as was claimed by Ehrlich He has seen it develop into a 
large mononuclear maciophage as well as into plasma oi mast cells 
He states that the lymphocyte is really a primitive, rather indifferent 
cell whose morphologic appearance depends on the stage of development 
and the particulai function which it happens to be performing at the 
time It IS capable of differentiating into various t3^pes of granular 
leukocytes Downey does not recognize the term “lymphoblast” used 
so much b3 Naegeli in his disci iption of the large mononuclear cell of 
the germ centers The large l3unphoc\tes of the germ centeis which 
Downe3" studied, did not conform to the description given bv Naegeli 
and others 00^063' has shovn that there is not a particular t3^pe of 
hmphocrte onfi found in the germ centers, but that the same cell 
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occuis also in the interfolhculai tissue oi iii the splenic pulp, in fact, 
e^elv^^hele ni the adenoid tissue, and that the Kmphocytes ha've a 
twofold oiigin, namely, fioni the reticulum, and fiom large mono- 
nucleais which came from the reticulum, oi from lymphocytes 

In spite of the apparent antagonistic views of the Unitarians and 
dualists, concessions have been made on both sides Naegeh, in the 
last edition of his textbook, admits that the mesenchyme cell found in 
the neighboihood of the blood ^essels may difterentiate under pathologic 
and pliASiologic conditions in both diiections In this respect, at least, 
he IS a Unitarian On the other hand, Pappenheim stated that at 
present a morphologic difference between lymphatic and myelogenous 
hmphoid cells must be admitted, although it has not been pioved 
defimtel} that de^elopment cannot occui from one to the othei, oi that 
a m}eloid cell m the blood must alwa)^s be deiived from myeloid tissue 
and a l3miphocyte from hmphatic tissue 

The formation of lymphoc}tes from myeloid tissue can be explained 
b} the dualists on the basis of substitution 

Some men hold an intermediate Mew between the Unitarian and 
dualistic Hirschfeld believes the “golden’’ middle position between 
the dualistic of Ehrlich and the absolute umtaiian ideas of ^oungel 
authois to be the best The stem cells of the l}mphatic and nneloid 
tissues are moiphologicall} the same but aie different in their function 
and fuithei c}tologic diffeientiation 

Bi owning^® belie\es leukemia to be a saicoma of the blood with 
ie\eision to the embryonic t}pe of cell, that is, re\ersion to the condition 
existing in the marro-\\ of fetal life The case -which he gnes as an 
example has aheady been discussed As to the origin of blood cells, 
his observations on the findings in the human fetus indicate that 
eosinophilic and neutrophilic leukocytes aiise from the mitotic division 
of laige mononuclear granulai cells lying in the loose connective tissue 
Large nongianular basophil cells aie the lesult of i eversion of gianulai 
m}eloc}tes to the nongranular “pieni}eloc}te’’ or leukoblast oi so-called 
‘stem’’ cell stage He states that Muu agiees with him 

Danchakoff beheies that the stem cell, or so-called laige l}mpho- 
c\te appears first during the dissociation of the blood islands and is a 
young undifferentiated cell which diff'ei entiates according to given 
emironmental conditions She states that the fact that stem cells, as 
stem cells, keep their moiphologic stiucture so tenaciously undei the 
most \aried condition, and that only then pioducts differ, seems to 
speak strongly foi the existence of a single cell identical in the hemato- 
poietic organs 

50 Hirschfeld, H Die unitanschc iind die dualistische Aiiffassung uher 
die Histopathologic der Leiikamien, Folia Haematol 6 382, 1908 
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Observations in my own case point toward the unitanan idea as 
being the correct one for the following reasons First, that from a 
study of the blood smear there seems to be a common stem cell foi 
developing lymphoid and myeloid cells, as a series of both types could 
be found, starting with this apparently common stem cell Second, this 
same common stem cell could be found in the tissues in the spleen, 
lymph nodes, kidney, lungs and pancreas mixed in with developing 
myeloid and lymphoid cells Thud, that many of the young eosin- 
ophilic myelocytes as well as the adult eosinophils had nuclei which 
were identical with adjacent lymphoc)des These myelocytes were not 
the t}pe found in normal marrow It seems logical to deduct that the} 
differentiated directly from the small lymphocyte Some of the granule'; 
of the young eosinophils were still very young, indicated by their baso- 
philic staining Fourth, that differentiating lymphocytes and myelocytes 
were found diffusely intermixed in the tissues away from the neighbor- 
hood of blood vessels in most of the organs studied 

The above findings, in my opinion, could not be as satisfactonly 
explained on any other theory except that held by the Unitarians 

Again, if there is a separate stem cell for the myelocytes as Naegeh 
claims, I should have found more myelocytes in the areas of cell infiltra- 
tion in the liver If the so-called “stem” cells which were present aie 
myeloblasts as Naegeh would call them, why do I not find more myelo- 
cytes here as I did elsewhere^ It is evident that the duahstic theorv 
cannot explain the condition found m the liver satisfactorily m correla- 
tion with the findings in the other oigans 

In concluding the discussion of the subject of mixed leukemia, I 
should like briefly to compare my case with those previously reported 
The blood findings apparently resemble that found by Turk in his first 
case In both cases the myeloid element predominated primarily, while 
later lymphoid activity was slightly more pronounced This is also true 
of Wilkinson’s case 

Hirschfeld ■ found myeloid metaplasia in the splenic pulp and lymph 
glands, along with lymphadenoid metaplasia in the bone marrow He 
showed a continuous senes of transitional forms leading from the 
typical acute l}mphocytic leukemia to the acute mixed cell type, such 
as weie seen in my case 

In the cases of Herxheimer and Herz, the lymphatic hyperplasia 
was primal y, with the myeloid activity developing later Herz’s 
observations of the myeloid changes in the spleen and lymph nodes were 
similar to my case, except that there seemed to be more of a separation 
between the two types in the case of Flerz, while mine, as mentioned 
before, showed a diffuse mixture of the two 

Herxheimer also emphasized the fact that there seemed to be a 
distinct separation of the areas of nrseloid and lymphoid activit} and 
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theiefoie called his case one of combined lymphatic and myeloid leu- 
kemia lather than a tiue mixed type 

The cases of HirschfeM and mv own seem to be the only ones 
leported in the literatuie which show histologic study to support the 
blood findings in making the diagnosis of true mixed leukemia 

Befoie concluding this paper, I Avish to con elate some of the more 
impoitant ideas legardmg mixed leukemia, and discuss very biiefly the 
subject itself I ha^e already discussed the objections which ceitain 
hematologists make against the diagnosis of true mixed leukemia, so I 
^\lll limit myself now especiall} to the reasons wh} some hematologists 
behe^e it is possible that a foim of tiiie mixed leukemia can exist 
Let me repeat again the requirements which a on Domarus and 
Browning have stated are necessaiy in older to make the above diag- 
nosis, namely, that one must find in the histologic pieparations hyper- 
plasia of both myeloid and lymphatic tissue next to each other and 
occurring at the same time Von Domarus quotes Hirschf eld’s case 
as the only one of tiue mixed leukemia that has been lepoited How- 
e\ er, at the time when this statement was made, Herxheimer’s case had 
not appeared in the literature 

The various men who have leported cases which they believe to be 
true combined or mixed leukemia, explain the cause of the simultaneous 
actn ity of the two systems in many wa\ s 

Browning feels that the mixed cell picture is due, first, to the 
re\ersion of the myeloid cells to the embiyomc nongranular type, 
second, a reaction oi mechanical disturbance of the myeloid tissue, 
oiving to lymphoid hyperplasia, resulting m the passage of myelocytes 
into the circulation He feels that the toxins causing leukemia vary m 
their action and may give mixed types However, he carefully avoids 
making any statement as to wdiethei he believes his case to be one of 
true mixed leukemia 

Hirschfeld felt that the fact that his case showed undisputable 
e\idence of simultaneous activity of both systems was enough evidence 
on which to make a diagnosis of mixed leukemia He offers no opinions 
as to how the mixed cell picture is brought about 

Herz calls his case one of mixed leukemia, yet he states m his 
discussion that the hyperplasia of the lymphadenoid tissue within the 
myeloid bone marrow, and the hyperplasia of the lymph follicles and 
pulp strands in the Ijmph glands, to the complete loss of stiucture, does 
not necessarily signify an exceptional increase of the lymphadenoid 
tissue components of a myeloid leukemia, but is a disease of the lym- 
phatic system itself along with a similai disease of the myeloid tissue , 
that IS, a lymphatic leukemia wuth a myeloid leukemia In another 
place he says, “the fact that, along with many lymphocytes, an important 



698 


ARCHIVES OF INTERNAL MEDICINE 


number of the elements of the myeloid tissue were present in the blood 
proves there must be a disease of both types of tissue , that is, a mixed 
leukemia ” He suggests that the same poison or toxin may act on the 
one tissue and later on the other, or theie may be two different toxins, 
and further that the infectious toxic agent may cause a reaction of 
both tissues at the same time, or after an exhaustion of one system, 
call forth an activity of the other I cannot tell whether Herz believes 
his case to be one of combined oi mixed leukemia, that is, whether he 
makes a distinction between the two words 

Herxheimer, however, leaves no doubt in one’s mind in regard to 
his belief that his case is one of a combined leukemia , that is, an actn it} 
of both the lymphatic and myeloid systems with a distinct separation 
of the two types throughout He emphasizes this fact in the discussion 
of his case, stating that nowheie was there evidence of fusion of 
myeloid and lymphoid elements He believes this observation to be a 
strong point in favor of the duahstic theory, and cites his case as a 
good example of one showing that the two foims of leukemia can go 
on together and yet be distinct I believe that both Herz and Herx- 
heimei are dualists at heart Herxheimer concludes that his case speaks 
against any transitional forms between the two types of cells, and 
sa^s that the second one can only exist in the sense of a combination 
like carcinoma and sarcoma in the same individual without caicino- 
matous cells changing into sarcomatous cell 

In regard to my own case, as well as those before mentioned, it is 
eMdent that it meets all the lequirements laid down by von Domarus 
and Bi owning in ordei to be called true mixed leukemia It difters 
from the cases of Herz and Heixheimer in that I found a definite 
fusion and mixture of both systems, most marked in the spleen, lymph 
glands, alveolar walls of the lungs, interacinar tissue of the panel eas 
and in the kidneys Although the presence of the myelocytes in the 
extramedullary organs may be explained on the bases of de-difierentia- 
11 on of the lymphocytes back to the stem cells and then to the myelo 
cytes, it seems that there is more evidence of a direct formation of 
myelocytes from lymphocytes as has already been discussed in detail 
It IS important to note again that these myelocytes were present in the 
interfollicular tissue, not just around the blood vessels where Naegeli 
believes that they are only found It is evident that the findings m 
Hirschfeld’s case, and my own, speak very strongly against the duahstic 
theory of Ehrlich and his followers, and favors the Unitarian idea in the 
sense that there is apparently a common stem cell for both types of 
developing cells But also in my case there is eMdence of a dnect 
transition from l}mphocytes to nnelocAtes without going thiough the 
stage of the stem cell 
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As to the cause of the pictme of mixed leukemia, I probably can 
oftei no new suggestions, at least no bettei than have aheady been 
given The tact that theie may be tuo toxins piesent, one stimulating 
the lymphatic si stem, the othei stimulating the m 3 eloid system, is 
possible, but it seems moie likeh, at least m my case, that theie was 
onl} one toxin which excited an abnoimal activity of both systems, 
because of the fusion of the pioducts of activity of the two systems 

It is possible that theie mai be onh one kind of acute leukemia, at 
least m a hemomoi phologic sense, and that the hmphoid cel’s of acute 
lymphatic and myeloid leukemia aie isomoiphous No evidence has 
been gnen, howeiei, to confiini this idea 

Weizbeig-’’ believes that leukemia, as a whole, is aftei all, a true 
endogenous disease whose diiect cause is not one of a common excit- 
ant 01 imsteiious poison, but a one sided celluldi distuibance that 
attacks the noimal oigans 

I do not beheie we will find the explanation of tine mixed leukemia 
until we deteimine the cause of simple leukemia The question must 
still lemain open with a hope that fiituie in\ estigations may give us 
more definite infoimalion on this peculiai malady of mankind 

SUMM \R\ 

1 Repoit of a case of acute leukemia, showing definite eiidence m 
the blood smeais as w^ell as m the histologic study of the tissues of 
actiMty of both the myeloid and Ivmphoid systems 

2 Cells repiesentmg the vaiious stages m the development of 
lymphocytes and gianulai leukocytes fiom the oiigmal “mothei” or 
“stem’' cell to the adult types could be found m tbe blood smeais 

3 Immatuie 1} mphocytes and iii) elocytes w^eie found mixed together 
in the panel eas, kidneys and lung m the aieas of leukemic mfiltiation 

4 Myeloid and lymphoid metaplasia yvas noted m the spleen and 
lymph nodes, yvith a slight piedommance of the lattei Immatuie cells 
of both types yveie diffusely aiianged yvith no evidence of segiegation 

5 Theie yvas eyudence of-plocal dey'^elopment of myelocytes from 
lymphoc}tes m the tissues 

6 Many of the immature myeloc}tes, paiticularly the “stem” cells, 
shoyved the t}pical coarse “myeloid azuie gianulation of Pappenheim ” 

7 Histologic studies shoyved a similai, simultaneous hypeiplasia of 
lymphatic and myeloid tissue next to each othei, yvhich are the neces- 
sary findings requiied by von Domains and Bioyvning, m order to 
giy'^e It the name of the tiue mixed leukemia 

8 Theie yvas no eyudence of sepsis found at neciopsy 

9 There yy^as apparently a single toxin stimulating both systems 
into a leukemic activity 
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10 The findings in the blood smeais, as well as in the histologic 
study of the organs, pointed to the unitaiian theory of the origin of 
blood cells as being the correct one, at least m certain pathologic 
conditions 

11 No new observations were made lelative to the real cause of the 
simple or mixed form of leukemia 

12 Another case of a tiue mixed form of leukemia is added to a 
small number of previously reported cases 

Sivertsen Clinic, 2319 Sixth Street, South 



A HITHERTO UXDESCRIBED FOR^^I OF ^^AL^'ULAR 

AXD :hural EXDOCARDITIS - 

EilAXUEL LIBiLA.X M D 

AXD 

BEXTAMIX SACKS MD 

XEW \OPK 

In pre\nous communications ' cases of endocarditis were classified as 
rheumafc s}philitic bacterial — acute and subacute — ^and indeterminate 
The latter term \\ as introduced to designate certain cases which do not 
fall into the category of any of the well-recognized groups of endo- 
carditis and the etiology* of \ihich is not }et established The temi is 
used to include fa) the cases of so-called terminal or cacliectic endo- 
cardras occurring at the close of chronic diseases such as carcinoma 
tuberculosis nephritis and leukemia and (b) cases of aH'pical 
lerrucous endocarditis The purpose of the present communication is 
to discuss the cases included m the latter group which we believe 
represent a hitherto undescnbed form of endocarditis 

W'e are at the present time reporting the stud\ of four cases clinical 
obserAations of which were supplemented by postmortem examinations 
In each instance there were peculiar \alvular and mural lesions which 
aiffered in morpholog\- and localization from those general!} encoun- 
tered in subacute bacterial rheumatic and other forms of endocarditis 
The \egetations were free from demonstrable micro-organisms and 
attempts to grow bacteria from tlie blood proved unsuccessful despite 
tlie emploAuient of methods which gaAe positive results in the great 
majorit}' of cases of subacute anhemoMic streptococcus ( and BaciVus 
iiiiiuai::ac) endocarditis Because of the unusual character of the 
endocardial lesions and their \errucous appearance these cases were 
designated at}'pical a errucous endocarditis ^^'hen this form of endo- 
carditis IS better understood a more satisfactor\ termmolog} aviII 
doubtless be introduced 

REPORT CF CASES 

C-SE 1 — History — S H a A\oman married aged 2-, admitted to the Mount 
Sinai Hospital Jan 21 1522 and vhose famih histor> was unimportant three 
A ears prior to admission to the hospital had an attack of poh arthritis dur ng 
ii\hich her ankles knees wrists and elbows became painful and swollen She 
states that she lost 60 pounas {272. kg ) curing 1921 


* Reaa m abstract beiore the Association of American Pn\SiCians Atlantic 
Cit> X J ila> 1 1923 

* From the Meoical and Pathological Departments Mount Sinai Hospital 
1 Libman Emanuel Characterization of Various Forms of Endocaraiti' 

J A M A 80.813 (March 2-1) 1923 Brit 3.1 T 2 3fU (Aug 28) 1920 
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Her general health was good until six weeks before admission, when she 
developed “sticking” precordial pain which was intensified on deep inspiration 
Two weeks later, she had a chill, followed by fever, and her ankles, knees, wrists, 
elbows and shoulder joints became swollen and tender At the same time, her 
face became greatly swollen, and the urine was scanty She experienced 
“drawing” pains in the left lumbar region, and the blood pressure was 
elevated A week before admission, she developed sore throat The edema of 
the face diminished, but the articular and precordial pains persisted 

Physical Examination — The patient was poorly nourished and acutely ill, and 
had a temperature of 103 4 F There were present slight puffiness and pallor of 
the face Petechiae were present m the conjunctival mucous membrane of both 
lower lids and on the anterior aspect of the thorax and both sides of the neck 
The pupils were equal and reacted promptly to light The tonsils were mod- 
erately enlarged and congested The respirations were shallow and somewhat 
accelerated, but not labored The lungs were negative The heart was not 
enlarged, the action was rapid but regular The first sound at the apex was 
increased in intensity A systolic murmur was audible over the entire pre- 
cordium and in the left axilla The second pulmonic sound was accentuated 
The pulse rate was 96, respiration rate 36, and the blood pressure, 145 systolic, 
90 diastolic The abdomen was distended and held rigidly, and there were pain 
and tenderness in the left hypochondnum Neither the liver nor the spleen 
was palpable The left elbow and both ankle joints were swollen and tender, 
but the overlying skin was not reddened The right elbow joint, both wrist 
joints and the left knee joint were tender, but there was neither swelling nor 
redness Over the extensor surface of both forearms, the skin showed 
erythema and induration, and there was both cutaneous and muscular tender- 
ness (dermatomyositis) The deep and superficial reflexes were active 

Couise — January 23 The pulse was 120, respiration, 44 The petechiae 
were fading The urine was reduced in quantity and contained a heavy trace 
of albumin and a few hyaline casts The blood showed no nitrogen retention 
(compare figures below) 

January 24 Over the ramus of the left mandible, there was a distinct white- 
centered petechia The patient had been having frequent attacks of pain in the 
left hypochondnum 

January 25 The fundi were normal 

Januarj'^ 27 The dermatomyositis had disappeared 

January 29 Both elbow joints were tender There were dulness and 
diminished breathing at the left base posteriorly, below the level of the angle 
of the scapula 

January 30 The joint pains had improved 

February 4 The first to the fourth left metacarpophalangeal joints, mclusue 
were painful and tender, but although there was practically no periarticular 
suellmg, the skin overlying the dorsal aspect of the joints was of a peculiar red 
color, unlike that seen over the seat of typical rheumatic arthritis 

February 7 There was now dulness and diminished breathing over both 
lower lobes, posteriorly 

Februarv 8 The pulse was 116, respiration, 28 A to-and-from pericardial 
friction rub was audible in the region of the apex of the heart and over the left 
fourth interspace just lateral to the sternum The patient complained of “stick- 
ing” precordial pain similar to that experienced at the onset of her illness 
Februari 14 The friction rub had disappeared Diffuse moist rales were 
audible over both lungs and there was profuse seromucoid expectoration 

Februari 17 The precordial pain, which had disappeared for a time, 
returned The temperature rose to 104 F, and the pulse rate to 140 

February 19 Thoracentesis on the right side yielded 250 c c of clear fluid 
and on the left side 20 c c of blood-tinged fluid The fluid from both sides vas 
sterile The general condition of the patient was growing progressively worse 
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Februar}^ 21 A fresh crop of white-centered petechiae appeared over both 
sides of the neck and on the anterior aspect of the chest The temperature 
dropped to 93 8 F , but the pulse rate remained accelerated, and was now 120 
February 22 The neck was rigid, and the Kernig sign was positive, 
bilaterally Chemical examination of the blood now showed definite nitrogen 
rention Blood cultures were persistently negative 

March 1 The abdomen showed signs of fluid and both lower extremities 
were edematous 

March 5 Numerous fresh petechiae appeared in the palpebral conjunctiva 
and on the skin of the neck and thorax 

March 7 There was a small exudate m the fundus of the right eye on the 
nasal side of the disk 

March 10 A bed sore appeared over the sacrum There were signs of 
bilateral pleural effusion and ascites The lower extremities and vulva were 
greatl}' swollen 

March 13 The patient had been having attacks of severe precordial pain 
radiating to the back and left shoulder A few fresh petechiae had appeared 
in the left lower palpebral conjunctiva The temperature for the last two weeks 
ranged around 100 

March 19 The patient began to vomit bloody fluid 

March 22 The breathing was labored and the breath uremic Albuminuria 
become more marked Paracentesis abdominis yielded 1,500 c c of clear straw- 
colored fluid 

March 24 A fresh crop of petechiae appeared 

March 31 Ascites and edema were increasing Paracentesis was performed 
The daily urinary output varied between 300 and 600 c c The precordial pain 
persisted and morphm was frequently required for its relief 

April 4 The patient had a generalized convulsion, following which she 
remained comatose for some time When consciousness returned, she com- 
plained of severe precordial pain 

April 6 A second convulsion, ushered m bj' pain m the right arm, was 
followed hy pulmonary edema 

April 13 Paracentesis abdominis yielded 5 liters of clear straw-colored 
fluid 

April 29 The ascitic effusion reaccumulated and the subcutaneous edema 
spread to the abdominal wall A new crop of petechiae and purpuric spots was 
present 

May 3 A diffuse herpetic eruption (herpes zoster) appeared on the left 
side just below the breast and the angle of the scapula The edema now 
became generalized The precordial friction rub was again audible 

May 23 The pulse rate varied between 80 and 100 No new murmurs 
appeared From time to time, the patient complained of severe epigastric and 
precordial pain 

May 29 The oliguria became more marked, and the general condition was 
growing progressively worse 

Mav 31 The patient suddenly became dyspneic and cyanotic, with pulse 
more rapid and irregular She grew stuporous and died 

Teuipct atu) e Ctiivc — January 21 The range was from 101 to 103 6 F 
January 22-27 The temperature gradually came down in remittent fash'on 
to 101 2 F 

January 28-February 3 The temperature was not over 101 F at any time 
At the end of the week, it was down to 99 6 F 

February 4-10 The temperature was ii regular, remittent and gradually 
higher until it reached 103 8 F, February 10 
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February 11-17 The temperature was irregular, ranging from as low as 
99 6 F, to as high as 104 F (February 17) 

February 18 The temperature ranged from 100 to 104 4 F 

February 19 The temperature remained near 104 F 

February 20 There was a sharp drop to 98 F 

February 21-25 The temperature was irregular, ranging from 972 and 98 
to 100 and 101 F 

February 26-27 The temperature was 101 F 

February 28-March 23 The temperature was ne\er above 100 4 F, usually 
at 99 or 100 F 

March 24 The range was from 99 to 101 8 F 

March 25-April 5 The temperature was never over 101 F , and was some- 
times as low as 97 F 

April 6-14 The temperature was not over 99 F , excepting for a r'se on 
the last day to 100 6 F 

April 15-May 3 The temperature was very low, never over 99 8 F , often 
98 F 

May 4-May 31 At times, the temperature was as low as 96 4 F or 97 F , 
usually not over 99 F , except for a rise to 100 6 F , May 4, and 101 F , May 21 

Rcspnatiou — January 21-31, the rate was usually about 36 Later, it varied 
from 24 to 28, occasionally rising to 32 or 36 After February 18, it increased 
to 40, remaining near that figure until after March 18, when it dropped to a 
figure usually varying between 24 and 28, sometimes dropping as low as 20 

Pulse Rate — January 21-27, the rate was usually 120 It gradually decreased, 
and after February 1, it ranged from 84 to 100 With sharp rises of tempera- 
ture, It increased, reaching as high as 142, February 19, and 154, February 20 
After February 26, it was usually 110-132, even though the temperature did not 
rise above 101 F 

Amounts of Unne — At first, the figures varied between 700 and 2,200 cc , 
after February 11, from 600 to 750 cc The amount remained about the same 
after this time, at times increasing to 900 c c , or decreasing to 300 or even 
115 cc After March 25, the amount never exceeded 625, and often was as low 
as 250 or 150 c c 

Laboiatoty Evammatwns — These are given in Table 1 

Neci opsy (eighteen hours after death) — The body was that of a w'ell 
developed, emaciated young woman, showing marked pallor of the skin and 
mucous membranes No petechiae were present There was marked pitting 
edema of both lower extremities extending as far as the calves There were 
several decubitus ulcers, the largest of which was 3 0 cm in diameter The base 
of the ulcers wms covered with a dirty greenish exudate The skin over the left 
fifth and sixth intercostal spaces both anteriorly and posteriorly show'ed 
desquamation and pigmentation (residue of recent herpes zoster) 

The heart was moderately enlarged, weighing 360 gm The pericardial mem- 
branes were universally thickened as a result of organizing fibrinous peri- 
carditis, and there w'ere extensive friable adhesions between the visceral and 
parietal layers, which almost completely obliterated the pericardial sac The 
adhesions over the anterior aspect of the left ventricle were quite fibrous and 
were firmer than elsewhere There was no effusion There were rather firm, 
fibrous adhesjsns binding the parietal layer of the pericardium to the adjacent 
pleura on the left side The tricuspid valve showed a discontinuous fibrous 
thickening representing a healed organic lesion There were several minute 
healing translucent vegetations along the line of closure The pulmonary valve 
was negative The mitral orifice admitted three finger tips The mitral valve 
showed a fairlj' continous fibrous thickening invohing the closure line and free 
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edge, pointing to a previous attack of endocarditis Along the line of closure, 
extending in places to the free edge, there was a row of rather firm translucent 
grayish verrucous vegetations (Fig 1) A part of some of these was yellowish 
gray in color and opaque 

The endocardium over the upper part of both papillary muscles of the left 
ventricle and the intervening mural endocardium was the seat of an inflammatory 
process There had also been an extension of the endocarditic process from the 

Table 1 — Labotato)y Eiaiiiiiiations'' 


Urine 


Amount, 


Specific 


Date 

1/22 

2/27 

Oc 

Appeal ance Reaction 
Cloudy Acid 

Cloudy Alkaline 

Gravitj 
1 018 
1020 

3/10 

400 

Cloudy 

Alkaline 

1022 

4/11 

4/19 

350 

400 

Cloudv 

Cloudy 

Alkaline 

Alkaline 

1014 

1 012 

5/22 


Alkaline 


1 020 

5/29 


Turbid 

Alkaline 

1 010 


Albn- 
iiiin Siigii 


+ + 
+ + 


+++ + 
++++ 


-r + 


+++ 0 


0 


Microscopic 

Hinlme cists no erjthrocytes 

Xnmeious leuLocjtes and i few erjtli- 
roci tes 

Numerous leukocytes and ervthrocytes, 
and a fev granular cists 

A fev erjthrocjtes 

A fen leukocjtes and hj aline casts, no 
er\ tlirocvtes 

Hi aline and granular casts numerous 
en tliioei tes 

Xunierous entlirocytes and leukocytes 


Blood Clicniistn 



Urea N, 

Nonprotcin N, 

Unc Acid, 

Cieatmm, 


Mg per 

Mg pel 

Mg per 

Mg per 


Hundred 

Hundred 

Hundred 

Hundred 


Date Ce 

C c 

Cc 

0 c 

1/23 

22 4 

46 7 

50 

20 

2/17 

25 2 

500 

c s 

14 

2/22 

044 

104 2 

42 

28 

4/24 

49 0 

71 6 




Plienolsulplioncplithalein Test -(1 C c Injected) 


ll2i 

50 per cent 

recovered in 2 hours 

1/23 

45 per cent 

recovered in 2 hours 

3/20 

so per cent 

recovered in 2 hours 

4/ 2 

5 per cent 

rccov ered in 2 hours 


Blood Count 


Red blood cells 
Hemoglobin, per cent 
Color index 
White blood cells 

Polymorphonuclear neutrophils, per cent 

Eosinophils, per cent 

Basophils, per cent 

Lymphocytes, per cent 

Monocytes, per cent 

Neutrophilic myelocjtes, per cent 

Plasma cells, per cent 

Platelets 

Coagulation time 
Bleeding time 
Capillary resistance test 
Clot retraction 


Date 


1'22 

2/12 

3/6 

3/31 

4/29 

5,400,000 

2,936,000 

2,088,000 

2,500,000 

84 

56 

34 

39 

38 

0 86 

0 96 

083 


0 76 

6,500 

5,400 

13,400 

21,600 


84 0 

67 5 

79 0 

72 


1 0 

20 

06 

0 


0 

10 

05 

1 


13 0 

23 0 

19 0 

25 


20 

55 

10 

2 


0 

05 

0 

0 


0 

06 
192,000 
12 min 

2 mm 
Neg 
Present 

0 

240,000 
10 min 

4 mm 
Neg 
Present 

0 



* The Wassermann reaction of the blood was negative Blood cultures were made four 
times (January 22 and 28, and February 1 and 22), the mediums used were bouillon and 
glucose bouillon flasks, and plain agar and glucose agar plates, all were negative 

ventricular aspect of the posterior cusp of the mitral valve downward along 
the mural endocardium of the ventricle toward the tip of the posterior papillary 
muscle The surface m these areas was covered by extensive flat grayish brown 
and yellowish patches of firm but friable deposit The lesions on the mural 
endocardium just lateral to the posterior papillary muscle were grayish and 
more fibrous than elsewhere Near the apex of the left ventricle, there was a 
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flat area of mural endocarditis, measuring 2 5 by 3 0 cm, irregular in outline 
and sharply demarcated from the surrounding healthy endocardium (Fig 1) 
The patch presented a lusterless irregularly fissured surface, which was a 
mottled, grayish and reddish brown On cut section, the deeper layers had a 
grayish translucent appearance, and delicate fibrous strands extended into the 
subjacent myocardium The aortic valve showed a few minute firm translucent 
vegetations The myocardium was pale and brownish, showing numerous fine 
grayish streaks The coronary arteries and aorta showed a slight degree of 
atherosclerosis 



Fig 1 (Case 1) — Left side of heart Verrucous vegetations along line of 
closure of mitral valve extending m places to the free edge There are areas 
of endocarditis on papillary endocardium and adjacent mural endocardium and 
an isolated patch of mural endocarditis in region of apex of ventricle Universal 
healing fibrinous pericarditis is present 

In the lungs, there were friable adhesions between the visceral and parietal 
pleura on both sides, especially marked in the region of the diaphragm These 
adhesions were the result of the organizing exudate of recent fibrinous pleurisy 
The left pleural cavitv contained about 250 c c of clear fluid There were 
numerous minute subpleural hemorrhages Both lungs showed marked con- 
gestion and edema, but no areas of consolidation 
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The abdomen was markedh distended, the umbilicus being flush wnth the 
surface The peritoneal caMtA contained 4 liters of clear }ellowush ascilic 
fluid There was no eMdence of peritoneal inflammation 

The Iner was shrunken, weighing 780 gm The capsule w’as wrinkled and 
the parenclnma was pale, brownish and cloud}’, and showed marked chronic 
congestion 

The spleen was small, w'eighing 80 gm The organ was of a rather finn elastic 
consistenc} The malpighian bodies were small and the pulp show’ed con- 
gestion Xear one of the poles was a small depression, which on cut section 
was found to be due to a healed infarct 

In the kidnejs, the capsule of the right stripped with difficult}, re\ealing a 
granular and nodular surface The elevated areas was a pinkish gra}, whereas 
the depressed areas were a deep red On cut section, the cortex was somew’hat 
narrower than normal!}, having a thickness of from 04 to 05 mm The cortical 
tissue was pale and turbid, a mottled pink and gra} These striations were 
indistinct, and the glomeruli were not prominent The left kidney showed m 
addition to the changes seen m the right kidnc}, a number of abscesses m both 
cortex and medulla, their diameter var}ing from 0 3 to 1 5 cm Cultures of the 
pus from the abscesses showed Staphylococcus aiDciis The pelv'es, ureters, 
bladder uterus and adnexa were negative 

Microscopic Examviaiwn — Examination of the mvocarduim and peri- 
cardium revealed an organizing fibrinous pericarditis The muscle fibers were 
atrophic and showed marked interstitial edema, and there were numerous small 
areas of interstitial fibrosis There was no evidence of Aschoff bodies or 
Bracht-Waechter lesions 

Examination of the mitral valve and mural endocardium showed that the 
greater part of the vegetations on the mitral valve consisted of a mass of 
h} aline thrombus on which was deposited a fresh agglutinated blood platelet 
thrombus, the surface of which was only partiall} covered b} endothelium The 
patches of mural endocarditis showed extensive deposition of h}alinized blood 
platelet thromlius, the greater part of which was not clothed by endothelium 
The endocarditic process had invaded the under!} mg m}Ocardiuin rather deeplv, 
with resulting destruction and replacement of many of the muscle fibers (Fig 2) 
The deeper la}ers ot both the valvular and the mural lesions were difTusel} 
infiltrated with round cells and showed extensive fibrosis, indicating healing 
The patch ot mural endocarditis adjacent to the anterior papillar} muscles 
showed infiltration ot the thrombotic deposit with calcium salts 

In the lungs there was organizing fibrinous pleuris}, congestion and edema 
The liver showed parenclnmatous degeneration and chronic passive con- 
gestion The central veins were somewhat thickened 

In the spleen, the malpighian bodies were Inpoplastic and the pulp showed 
congestion of the venous sinuses In the latter were numerous phagoc}tic cells, 
containing granules of greenish pigment At one point, there was a small 
healed infarct just below the capsule 

In the kidnejs, there was universal glomerular injur} tvpical of subacute 
diffuse glomerulonephritis The glomeruli showed obliteration of various loops 
with h}alinization and fibrosis, and adhesions to Bowman’s capsule Many 
of the glomeruli were completely obliterated The tubules showed parench}- 
matous degeneration, and the medium sized arteries presented atherosclerotic 
thickening The left kidne} showed, in addition, cortical and medullary 
abscesses 

COMMENT 

The outstanding featmes were the onset with precordial pain 
followed b) glomerulonephritis, the protracted course wnth inegular 
fever and progressiv e anemia , cardiac murmurs , acute pencardit’s , 
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the recurrent crops of white-centei ed petechiae, aithritis, the symptoms 
pointing to splenic infarction, nitrogen retention m the blood, anasarca, 
attacks of abdominal pain and hematemesis simulating Henoch’s pur- 
pura, localized dermatomyositis , herpes zoster, and lepeatedly negative 
blood cultures The patient died in uremia The clinical picture was 
unique, and it was difficult to arrive at a single diagnosis which satis- 
factorily explained all the symptoms The loud widespread systolic 
murmur which was noted before the development of anemia, the peri- 



Fig 2 (Case 1) — Microscopic section of apical patch of mural endocarditis 
There is an extensive superficial deposition of hyalmized thrombotic material, 
not clothed b 3 ^ endothelium Advanced fibrosis is present m subendocardial 
tissues, with destruction and replacement of many of the underlying muscle 
fibers There are focal and diffuse areas of round-cell infiltration and vascu- 
larization m the deeper layers 

carditis, fever, tachycardia, which was marked even when the pyrexia 
was low, petechiae and embolic symptoms furnished ample evidence of 
the existence of some form of endocarditis, and the differential diag- 
osis appeared to he between subacute bacterial and rheumatic endo- 
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carditis The white-centei ed petecliiae, symptoms of splenic mfaiction 
and nephritis suggested the foimer diagnosis, wheieas, the peiicarditis 
and marked arthiitis pointed toward the latter On the other hand, 
white-centered petechiae do not appear in rheumatic endocarditis, and 
peiicarditis is not obsened in subacute bacteiial endocarditis, except 
when there is diffuse glomei ulonephi itis with marked letention of 
nitrogen 

Because the clinical findings could not be explained by the presence of 
either form of endocaiditis alone, it was concluded that the patient was 
possibly suffering from a combined infection due to the etiologic agents 
of both diseases Had the blood cultures been positive, the diagnosis 
could have been ventuied with greater assuiance Assuming the diag- 
nosis to be collect, it ivas difficult to account for the occurrence of 
acute nephritis at the onset of the disease, and the deimatomjositis, the 
significance of rvhich will be discussed latei Instead of a combined 
infection of the heart ralves, the postmortem examination revealed the 
peculiar valvular and mural lesions which characterize the at} pical form 
of endocarditis. 

Case 2 — Hisfo)y — E E a woman, aged 37, admitted to the Mount Sinai 
Hospital, Jan 25, 1923, ga\e an unimportant history Nine months before 
entering the hospital, she developed painful swelling in both ankles She had 
fever and was obliged to remain in bed for a time Latei, the pam spread to 
various other joints Three weeks before admission, she suddenly developed 
chilly sensations, fever, sweats and cough She was admitted to the hospital, 
complaining of shortness of breath, painful deglutition and sore throat, symp- 
toms which she had developed during the previous night 

Physical Evaminatwn — The patient was well nourished She was acutelj ill, 
and had a temperature of 104 8 F The respiration was labored and rapid, but 
there was no cyanosis Over the bridge of the nose, extending s^mmetrlcally 
over both cheeks, was an er 3 thematous eruption of butterfly pattern, resembling 
acute lupus erj'thematosus disseminatus There were also patches of er 3 'thema 
over both elbows The left third of the upper lip was slightly swollen On the 
buccal mucosa of the lower lip was a small area of ulceration, 5 mm m length, 
covered by a grayish white membrane On the dorsal surface of the left side 
of the tongue near the tip, there was a linear area of ulceration, 1 cm in length, 
which was covered by a finely adherent gra 3 ush membrane The margins were 
dark red, and the surrounding mucosa was infiltrated and purplish There 
was marked pyorrhea alveolaris The pharynx and tonsils were congested, and 
the vocal cords were swollen and reddened Below the level of the ninth dorsal 
spine on the left side, there were flatness and an absence of voice sounds The 
breath sounds over this area were scarcely audible The heart was not enlarged 
and the action was regular but rapid The sounds were not altered in qualit 3 ’’, 
and there were no murmurs The free edge of the liver was felt 4 cm below 
the costal margin in the mammillary line The spleen was not palpable There 
was slight swelling of the left elbow joint, but there was no tenderness, and 
pain was elicited onh^ on extreme extension 

Comse — ^January 26 The temperature ranged from 102 6 to 103 4 F , the 

pulse was 150, and the respiration rate, 40 There were swelling and ecchymosis 


2 We are indebted to Dr N E Brill for the privilege of reporting this 

case 
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of both anterior and posterior surfaces of the arytenoids, and edema of the 
anterior surface of the epiglottis and m both pyriform fossa The appearance 
was that of purpuric laryngitis (note of examination by Dr Yankauer) 

January 27 The temperature ranged from 102 8 to 103 2 F , the pulse was 
150, and respiration rate, 34 There were diffuse coarse moist rales, which 
disappeared after the cough The left elbow joint was no longer swollen 

January 28 The temperature ranged from 102 2 to 104 F , the pulse was 
130, the respiration rate, 28 

January 29 The temperature ranged from 104 down to 103 4 F , the pulse 
was 135 , the respiration rate, 26 The signs of fluid at the left base were still 
present Over the right lower lobe posteriorly, the breath sounds were sup- 
pressed, and there were profuse, inconstant crepitant rales The lesions on 
the tongue and lower lip were healing Several bright red petechiae appeared 
in the conjunctival mucous membrane of the left lower lid The fundi showed 
bilateral neuroretmitis 

January 30 The temperature was 102 4, pulse, 120, respiration rate, 28 
Several petechiae appeared in the right lower conjunctiva, one showing a white 
center 

January 31 The temperature ranged from 102 2 to 104 2 F , the pulse was 
130, the respiration rate, 25 The erythematous lesions on the face were more 
distinct and darker Several fresh petechiae were present in the conjunctiva of 
the upper and lower lids of the right eye One of these had a white center The 
signs in the chest were practically unchanged 

February 1 The temperature range was from 103 4 to 104 2 F , the pulse 
was 120, respiration rate, 36 The general condition of the patient had grown 
worse Fresh white-centered petechiae were present in the right lower con- 
junctiva A pleuro-pencardial friction rub was heard over the fourth left 
interspace There were no murmurs at the valve orifices 

February 2 The temperature range was from 1042 to 107 4 F , the pulse 
was 168 respiration rate, 28 The patient was stuporous and somewhat cyanotic 
Cheyne-Stokes respiration had set in 

February 3 The neck was rigid, but there were no other signs of meningeal 
irritation Over the right lower lobe posteriorly, there was dulness and 
diminished breathing The stupor deepened into coma, and the patient died 
Shortly before death, the temperature rose to 108 F , the pulse to 190, and the 
respiration rate to 40 

Laboi atoi y Examinations — These are presented in Table 2 
Neciopsy (eight and one-half hours after death) — The body was that of a 
well developed and well nourished woman In the left lower palpebral conjunc- 
tival mucous membrane, there was a fading petechial hemorrhage 

The heart was somewhat enlarged The pericardial investment of the right 
auricle was roughened, lusterless and covered by a thin layer of fibrinous 
exudate There were friable fibrinous adhesions between the parietal peri- 
cardium and the left pleura Numerous small hemorrhages of irregular outline 
were found beneath the visceral pericardium, especially over the auricles The 
tricuspid orifice admitted four finger tips The tricuspid valve showed patchy 
fibrous thickening suggestive of a previous attack of endocarditis Along the 
line of closure, there was a discontinuous row of granular grayish pink verrucous 
vegetations, most extensive in the region of the anterior and median cusps, 
where the lesions were spread over an area of 0 5 cm in diameter (Fig 3) 
There was a fine vegetative deposit on the ventricular aspect of the median cusp, 
whence there had been extension along the chordae tendineae for a distance of 
a few millimeters On the left half of the left posterior cusp of the pulmonary 
valve, there were several minute slightly raised yellowish gray vegetations, 
and along the line of attachment of both the right and the left posterior cusps, 
there was a narrow strip of similar vegc ctuc deposit 
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The mitral orifice admitted two fingers The valve showed diffuse fibrous 
thickening, most marked in the aortic leaflet In the region of the junction of 
the tw^o cusps posteriorly, there w'as a mass of grayish and grayish pink opaque 
verrucous vegetations, extending from a point 2 mm above the closure line as 
far as the free edge (Fig 4) There w'as another group of similar but flatter 
vegetations along the closure line and free edge tvhere the cusps were joined 
anteriorly The endocarditic process, wdiich had also attacked the ventricular 
aspect of the posterior cusp and the line of attachment of the latter, had spread 
dowmw-ard for a short distance along the mural endocardium of the posteiior 
w'all of the ventricle There were several other small patches of mural endo- 
carditis in the left ventricle (Fig 4) One of these was situated on the 
papillary endocardium, and several others w^ere in the angle between the tips 
of the posterior papillar 3 ^ muscle Similar areas w'ere present in the right 
ventricle These patches w'ere irregular in outline and had a diameter varying 
from 2 to 5 mm Their surface had an opaque, verrucous appearance, the color 

T\ble 2 — Labotaioix Exaiiiniatwus' 
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Gr n itv 
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Microscopic 


1/26 

Cloudv Acid 
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+ + -^ 

0 

Hj aline 

and granulai easts 


1/28 

Clear Icid 
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0 
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Cloudy \cid 
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-f + + 

0 

Hj aline 

and granular casts 





Blood Chemistrj 








Urea K, Mg per 

Uric Acid, Mg 

per Creatinin Mg per 

Date 
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Hundred C c 

1/27 



16 8 



2 4 


1 0 
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1/26 

75 


5 400 

6S 

1 

28 

3 



1/27 

70 

3,430,000 C E9 

5 000 

74 

0 

24 

1 

1 (mjelo 

80,000 








blast) 

1/29 

74 

3,620 000 1 03 

5,200 
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0 
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* January 29 Hie bleeding tune vns two minutes eoagulation time, seien minutes eapil 
lary resistance test, negative, clot retr iction, very slight in twenty-four hours The Wasser 
mann reaction of the blood was negatne A blood culture was made February 2, the 
mediums used were bouillon and gh cose bouillon flashs, agar and glucose agai plates, and 
Veillon tubes of glucose agar for miciobic studa . all mediums remained sterile 

being a mottled reddish and yellowish graj’- The right auricle was the seat 
of several patches of mural endocarditis (Fig 3) Interspersed among the 
endocarditic lesions avas a number of small hemorrhages The aortic valve was 
slightly thickened Crushings of the vegetations w'ere sterile The myocardium 
was turbid and broavnish, and showed tigering The coronary arteries and aorta 
shoaa'ed a slight degree of sclerosis 

Examination of the lungs revealed, in the left plural cavity, a small effusion 
The right lung showed areas of bronchopneumonia m the middle and lower 
lobes Both lungs w'cre voluminous and show'ed edema and congestion 

The liver was enlarged, weighing 2,000 gm The parenchjma w'as fatt}"^ and 
show'ed cloudy swelling and marked chronic passive congestion 

The spleen w'as enlarged, w'eighing 600 gm The malpighian bodies were 
enlarged and stood out prominentljr as grajush nodules against a background of 
dark red congested pulp 
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Ihe kidnejs \\ere somewhat sw'ollen and less firm than normally The 
capsules stripped with slight difficulU, revealing a smooth mottled surface, 
studded with irregularK distributed minute hemorrhages The cortical tissue 
w'as somewhat swollen and turbid and a grayish pink, but the striations were 
distinct and the glomeruli are not unduh prominent The medullary pyramids 
were congested Numerous minute hemorrhages w-ere present in the mucosa 
of the pehes The ureters and bladder iiere normal 

Mtcioscopic Exaunnaiwn — In the mjocardium, the striations of the muscle 
fibers were indistinct There was interstitial edema and slight perivascular 
fibrosis Here and there were small areas of interstitial round-cell infiltration 
There were no Aschoff bodies 



Fig 4 (Case 2) — Left side of heart There are \errucous lesions on the 
mitral ^al^e along the line of closure and the free edge and small islands of 
mural endocarditis on endocardium of posterior papillar 3 ' muscle Extension 
of the endocarditic process on the mural endocardium of the posterior w’all of 
the \entricle is concealed behind posterior flap of mitral \ahe 

In the mitral \ahe were ^egetatlons consisting of a hyalinized thrombus 
deposited o\er a fairh extensive area of endocardium There was but slight 
cellular infiltration in the subendothelial structures The vegetations w^ere only 
in part covered bj endothelium Bacterial stains show'ed no micro-organisms 
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The lungs showed purulent bronchitis and areas of bronchopneumonia The 
unaffected alveoli were the seat of marked hemorrhagic extravasation 

The liver showed chronic passive congestion and parenchymatous degenera- 
tion There was marked fatty infiltration of the liver cells in the inner zone 
of the lobules 

Examination of the spleen showed that the capsule was thickened and there 
was an organized fibrinous deposit on its surface The malpighian bodies were 
large and showed marked diminution of the lymphoid elements The greater part 
of each malpighian body was occupied by a number of arterioles, each of which 
was surrounded by a broad zone of hyalme-like connective tissue The 
arteriolar lumen in each instance was diminished in caliber There were intense 
congestion of the pulp and dilatation of the venous sinuses 

The kidneys showed congestion, tubular degeneration and medullary edema 
There was no glomerulonephritis The arteries showed atherosclerotic thick- 
ening of moderate degree 

COMMENT 

The clinical phenomena presented by this patient dififered in certain 
respects from those observed in the previous case The patient, who had 
been suffering from polyarthritis for some months, sought medical aid 
because of the development of a severe respiiatory infection, and, in 
the hospital, the laryngeal symptoms and the presence of pneumonia 
distracted attention from the heart The detection of the endocaiditis 
was particularly difficult because of the absence of murmurs and cardiac 
enlargement The only finding indicative of infection of the heart 
valves was the presence of white-centered petechiae m the conjunctival 
mucous membrane The friction rub, which proved to be due to pleuro- 
pericarditis, might have occurred in the absence of endocarditis The 
eruption on the face was of the greatest interest, as a similar eruption 
was observed in another case of this series The dermatologists weie 
unwilling to identify these lesions as acute lupus eiythematosus dis- 
seminatus, but stated that there was a close resemblance Ceitain mani- 
festations suggested a tendency to purpura (1) the hemoirhages into 
the inflamed laryngeal mucosa, and (2) the low platelet counts and the 
marked diminution of clot retractibility Further peculiarities of the 
underlying infection were the ulcerative lesions of the oral mucosa, the 
enlarged spleen, the bilateral neuroretmitis and the persistent leukopenia 
An attempt to grow organisms from the blood, both aeiobically and 
anaerobically, gave negative results The postmortem examination, as 
in the previous case, revealed the lesions of the atypical form of 
endocarditis 

Case 3 — Histoiy — S H , a youth, aged 19, admitted to the Mount Sinai Hos- 
pital Sept 16, 1913, with a negative family history, did not remember having any 
of the acute fevers of childhood One month before the onset of the present 
illness, he had an infection of the finger, followed by Ivmphangitis Improvement 
followed incision of the forearm For six months preceding his admission to 
the hospital, he had recurrent attacks of pain and swelling in various joints, 
particularly in the interphalangeal elbow and knee joints The articular symp- 
toms rarely lasted more than a few days at a time Five months before admis- 
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November 24 The temperature was 100 2 F The friction rub had disap- 
peared There was a short rough sj'stolic murmur over the pulmonary area 
No murmurs were heard over any of the other valve orifiees 

November 28 The temperature was 102 F , pulse, 134, respiration, 24 The 
friction rub was again audible 

December 1 The temperature was 102 F The signs pointing to bilateral 
effusion were more marked 

December 3 Five cubic centimeters of sterile, bloody fluid were obtained by 
aspiration of the left pleural cavity The cell count was polymorphonuclears, 
15, mononuclears, 85 Roentgenologic examination (Dr Jaches) revealed no 
abnormalities in the bones of the hands 

December 9 The temperature was 102 F , pulse, 148, respirations, 28 The 
patient vomited several times The stool showed occult blood Petechiae were 
present over the anterioi aspect of the chest and abdomen 

December 10 The patient had a generalized convulsion in the morning 
lasting two minutes, and shortly thereafter died 

Tciiipciatuie Cutve — September 16-22 The temperature was irregularly 
remittent, varying from 99 up to 101 4 F , and once reaching 102 6 F 

September 23-October 13 The temperature was usually 98 6 to 996, occa- 
sionally, 100 6 F 

October 14-25 There were occasional rises to 101 2 F 
October 26 The range was from 103 to 103 8 F 
October 27 The range was from 101 4 to 102 6 F 
October 28-November 3 The temperature ranged from 98 to 101 F 
November 4-10 The temperature was 98 6 to 1018 F 
November 11-17 There was a gradual irregular rise, in the first few days 
up to 101 8 F , later to 103 4 F 

November 18-24 The range was from 98 4 to 101 4 F 

November 25-December 4 The temperature was usually 100 to 102 F , at 
times reaching 103 4 F 

December 5-8 The temperature was not over 100 F 

December 9 The range was from 100 to 102 F 

Laboj atof V Eiaiiuiiatwiis-— These findings are presented in Table 3 

Table 3 — Laboiatoiv Examinations' 
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8,600 

55 

1 

32 

11 

9/22 

70 

5 000 000 
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10 '27 




10 300 

74 

0 

24 

2 

11/la 

fO 

3 (>£0 COO 

n S 2 

10 200 

7f> 

0 

16 
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* The Wasserrmnn reaction of the blood vas negatiie Blood cultuies vere made 
October 13 and November 24 both avere negative the mediums ii»ed aveic bouillon and glucose 
bouillon flaslvs, and agar and glucose agar plates 

t Amounts varied between 1,100 and 2,300 cc usually being less than ISOO cc 

Nectopsy (Nine hours after death. Dr Baehr) — The body was that of a 
■well developed, moderately well nourished young man On the anterior aspect 
of the chest and abdomen w ere a few petechiae 
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The heart was somewhat enlarged The lungs were attached to the parietal 
layer of the pericardium by friable adhesions Both layers of the pericardium 
were markedly thickened throughout, and were covered by a thick, shaggy 
deposit of organizing fibrinous exudate The parietal layer of the pericardium 
had been converted into a tough, leathery membrane, measuring from 3 to 4 mm 
in thickness There were multiple friable adhesions between the visceral and 
parietal pericardium, and within the fibrin meshes there was a good deal of 
fluid In the region of the basal portion of the anterior surface of the right 
ventricle, the adhesions were very dense and quite fibrous Numerous petechial 
hemorrhages were scattered over all the pericardial surfaces The right auricle 
was dilated Just above the orifice of the coronary sinus was a slightly raised 
patch of fibrinous vegetative deposit, measuring 1 by 2 cm Along its lower 
border were several petechial hemorrhages The tricuspid valve admitted four 
fingers On all three cusps, there were a number of minute patches of rather 
flat, yellowish white, opaque, granular deposits situated irregularly along the 
closure line, extending in places above and below the latter, and also involving 
the frfee edge The infundibular cusp was diffusely thickened, apparently as 
the result of an old process Scattered among the endocardial lesions was a 
number of petechial hemorrhages, the size of a pinhead The left posterior cusp 
of the pulmonary valve showed a small patch of a rather flat yellowish white 
opaque granular deposit, irregular m outline, situated along the line of closure 
Spreading downward on the mural end from a point along the line of attach- 
ment of this cusp, there was a somewhat elevated area of a yellowish gray 
opaque verrucous deposit, measuring 0 7 bj 0 5 cm Small flat patches of 
granular material were present along the line of closure of the anterior and 
right posterior cusps, and there was a narrow strip of vegetative deposit along 
the line of attachment of the former cusp 

The left auricle was markedly dilated The mitral orifice admitted three 
fingers Both leaflets of the mitral valve showed marked diffuse thickening, 
and the edges were rounded The auricular aspect of the aortic cusp was 
covered by an extensive plateau-like pinkish gray vegetative deposit, which in 
places had a granular surface, and in places a verrucous one (Fig S) The 
endocardial lesions extended upward for a distance of 1 cm above the line of 
closure, and downward to the free edge, extending for a few millimeters along 
some of the chordae tendmeae On the ventricular aspect of the aortic cusp, 
there was a patch of similar vegetative deposit, irregular m outline, measuring 
1 0 by 0 7 cm On the auricular aspect of the posterior cusp, there were similar 
endocardial lesions which on the medical half extended upward along the wall 
of the auricle for a distance of 1 cm The free edge was least involved m the 
lateral half of this cusp The vegetative process had extended from the ven- 
tricular aspect of the posterior cusp downward on the mural endocardium 
toward the tip of the posterior papillary muscle Scattered among the endo- 
cardial lesions were numerous small hemorrhages The aortic valve was 
negative, except for a narrow strip of verrucous deposit along the line of attach- 
ment of the right posterior cusp There was a number of subendocardial 
hemorrhages in both ventricles Crushings of the vegetations from various 
parts of the heart showed no bacteria in smears or cultures The myocardium 
was yellowish brown and cloudy in appearance, and of a rather friable con- 
sistency The coronary arteries and aorta were negative 

In the lungs, both pleural sacs showed a considerable quantity of fluid 
There were friable fibrinous adhesions between the visceral and parietal pleura 
of both upper lobes Both lower lobes were partly collapsed, and showed 
intense congestion 

In the esophagus and gastro-mtestinal tract, there were numerous petechiae 
on the mucosa 

The liver weighed 2,050 gm There was present chronic passive congestion 
The wall of the gallbladder was markedly edematous 
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The spleen was somewhat enlarged, weighing 240 gm Near the lower pole, 
there was a small infarct 0 3 cm in diameter, just beneath the surface There 
was marked hyperplasia of the malpighian bodies and congestion of the pulp 
The two kidneys weighed 250 gm There were numerous small hemorrhages 
in the perirenal connective tissue The capsules stripped easily, and the sur- 
face was smooth and reddish brown in color The stellate veins were con- 



Fig 5 (Case 3) — Left side of heart There are extensive flat vegetations 
on mitral valve and small patches of mural endocarditis on the posterior wall 
of the ventricle behind the chordae tendmeae attached to posterior flap of valve 
Universal healing fibrinous pericarditis is present 

gested The glomeruli were large and prominent There was intense congestion 
of the medulla The mucosa of the pelvis and ureters showed numerous 
petechiae 
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The chordae tendineae in the neighborhood of their valvular attachments 
were greatly thickened and showed a deposition of hyalmiztd thrombus mate- 
rial, and infiltration of the subendothelial structures with polymorphonuclear 
and round cells The mural endocardium of the posterior wall of the left ven- 
tricle, below the line of attachment of the posterior cusp of the mitral valve, 
showed extensive deposition of blood platelet thrombotic deposit and infiltra- 
tion with polymorphonuclear and round cells The deeper layers showed fibro 
blastic invasion and fibrous tissue production, and partial destruction and 
replacement of the underlying muscle fibers The tips of the posterior papillari 
muscle and the chordae tendineae near the papillary attachment showed similar 
changes No bacteria were present in sections of both the valvular and mitral 
lesions 

Examination of the pericardium and myocardium showed that the peri- 
cardium was greatly thickened The most superficial layer consisted of masses 
of fibrin, in the meshes of which were collections of polymorphonuclear cells 
and a few round cells Beneath this, there was a layer of loose connective tissue 
containing numerous fibroblasts and new-formed blood vessels diffusely infil- 
trated with polymorphonuclear cells Beneath this layer was a loose connective 
tissue which was relatively avascular and contained a few cells Striations of 
the muscle fibers were somewhat indistinct There were no Aschoff bodies and 
no Bracht-Waechter lesions Special bacterial stains failed to show micro- 
organisms in either the pericardium or the myocardium 

In the liver, there was marked chronic passive congestion, with atrophy of 
the liver cells in the center of the lobules, and fatty infiltration of the cells in 
the outer zone The connective tissue was densely infiltrated in places with 
round cells 

In the kidneys, the glomeruli showed nuclear increase and a bloodless 
condition of the capillary loops, resulting from endothelial swelling and pro- 
liferation Many of the glomerph contained albumin in the capsular space 
All the glomeruli were affected, the picture being that of a very early stage of 
acute diffuse glomerulonephritis Scattered through the interstitial tissue of 
both the cortex and medulla were a number of small areas of round-cell 
infiltration The medulla showed marked congestion 

In the spleen, the malpighian bodies were marked by hyperplastic The pulp 
showed extreme congestion, with dilatation of venous sinuses 

Comment — The simultaneous occurrence of polyarthritis, endocar- 
ditis, pericarditis, and Iiegative blood cultures strongly suggested the 
diagnosis of rheumatic fe\ er, but certain other findings militated against 
the latter diagnosis The record states that the patient de^ eloped a 
number of ephemeral tender erythematous nodes soon after coming 
under observation These nodes were apparently identical with the 
Oslei nodes observed in subacute bacterial endocarditis, but they are 
not seen in rheumatic cases Moreover, when the patient was first 
examined, he exhibited a generalized purpuric and erythematous rash 
of a type we have never observed in a proved case of rheumatic fever 
Shortly before death petechiae and acute glomerulonephi itis made then 
appearance White-centered petechiae do not occur in iheumatic endo- 
carditis, and petechiae without white centers occui in the latter disease 
onl) in association with purpura Unfortunately, no note was made 
as to whether or not the petechiae obser^ed m this case had white 
centers On the other hand, we have not encountered acute glomerulo- 
nephritis in a case of rheumatic fevei in which the diagnosis could be 
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established by the finding of Asdioft bodies in the myocaidium The 
endocaidial lesions found at neciopsy weie cleaih not iheiimatic and 
pioved to be of the pecuhai type that chaiacteiizes the cases constituting 
the basis of the pi esent communication 

Casi 4 — Ht'!toiv — B M, a giil, aged 1014 yeais, admitted to the pediatric 
department of Mount Smai Hospital, Inly 24, 1911, had an unimpoitant family 
history She had had measles m infancy, but no other febrile diseases Ten 
weeks before admission, slie developed pain in both wiists, elbows and shouldeis 
There were also occasional pains in the joints of the lowei extiemities Fevei 
had been present fiom time to time since the onset During the week piccedmg 
admission to the hospital, the aiticulai pains became less intense, but the patient 
began to complain of piecordial pain, cough, shoitncss of bieath and palpita- 
tion The bowels became constipated and the ui me scanty 

P/iysicfl/ Examination — The patient was well nouiished and well developed 
The tempciatuie was 1014 F, pulse, 136 Hei respiration was somewhat 
accelerated but not laboied On the skin of the budge of the nose, c\lending 
laterally over both checks, theic was an ciythematous eruption of butterfly 
pattern, which lescmblcd acute lupus ei vthematosus dissemmatus The skin of 
the upper pait of the anterior aspect of the chest showed patches of erythema 
There was brownish pigmentation of the skin over the abdomen The postci lor 
cervical and axillary lymph nodes on the left side, and the inguinal nodes on 
both sides were somewhat enlarged Ihe phaiynx was noimal There was 
slight dulncss and suppression of the bieath sounds m both lowei axillary 
regions Posteriorly, there was flatness, extending from a point just above the 
angle of the scapula to the extreme base on both sides Heic, the bieath 
sounds and the spoken sounds were distant, and there was absence of the 
whispered voice sounds 

The heart was slightly enlarged, the light bolder extending 2 5 cm lateial 
to the midstcinal line m the fourth intei space, the left boidei being 1 cm 
lateral to the mammillary line in the fifth interspace, and the light border 2 5 
cm to the right of the midsternal line m the fouith mtei space The caidiac 
impulse was seen and felt m the second and thud intci space, 2 5 cm lateral to 
the mammillary line The heart action was lapid but icgulai A loud, blowing, 
systolic murmur was audible over the entire prccordium Just within the apex, 
theic was a loud piesystolic rumble followed by a snapping first sound The 
second pulmonic sound was loudlj'- accentuated The pulse rate was 136 and 
the rhythm icgular The abdomen was somewhat distended and tympanitic 
The liver was enlarged, extending 7 5 cm below the costal maigin in the mam- 
millary line The spleen was not felt There were tenderness and slight limita- 
tion of motion of the right wiist joint, the proximal mtcrphalangcal joint of 
the fifth finger of the left hand, the mtcrphalangcal joints of the right hand and 
the right knee joint 

Collide — ^July 26 The tempciaturc was 100 4 F , pulse, from 136 to 152, 
respiration rate, 60 Exploratoiy punctuic of both pleural cavities gave nega- 
tive lesults The Pirquet test was positive 

July 30 The temperature was 101 F , pulse, 130, respiration, 32 A lough 
pericaidial fiiction rub was audible ovei the left fourth mteispace close to the 
sternal bolder 

July 31 The temperature was 104 F , pulse, 152, icspiiations, 48 

August 10 Ihc tempcratuic dioppcd to 100 F, but the pulse was still 
lapid (130) The peiicaidial fiiction tub was ephcmeial Thcie was no pie- 
cordial pain, dyspnea or cyanosis 

August 16 The tempciatuie was 1014 F, pulse, 124 Theie wcie slight 
dyspnea and palpitation, and mild cyanosis of the fingci tips The left boidei 
of the hcait, as detci mined bv peicussion, was 3 5 cm lateial to the mammillaiy 
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line The friction rub was not heard A soft, mitral, systolic murmur was 
heard in the region of the apex The interphalangeal joints were swollen, but 
were neither painful nor tender 

August 19 The temperature was 101 F , pulse, 168, respiration, 68 The 
joint manifestations had become more marked There was a peculiar blueness 
of the fingers, most marked over the swollen proximal interphalangeal joints 
The joints of the toes were also swollen, and there was blueness of the skin over 
both ankles and knees There was no tenderness, pain or impairment of func- 
tion of any of the affected joints A few moist rales were audible over the 
left upper lobe anteriorly In the mterscapular space, there was an area of 
dulness, bronchovesicular breath sounds and moist rales Over the right base 
anteriorly, there were numerous subcrepitant rales The pericardial friction 
rub was again audible The liver and spleen could not be felt 

August 22 The temperature was 100 4 F , pulse, 152, respiration, 40 
Petechiae appeared for the first time Several were present in the conjunc- 
tival mucous membrane of the right lower lid and in the right bulbar conjunctiva 
August 24 The temperature was 59 8 F , pulse, 122, respiration, 36 The 
conjunctival petechiae were fading A number of petechiae appeared on the 
back of the shoulders and a few on the abdomen The cardiac impulse was 
diffuse and was seen and felt in the second, third and fourth interspaces The 
left border of the heart was 9 cm lateral to the midsternal line m the fourth 
interspace The first sound at the apex was followed by a soft systolic murmur 
The friction rub was not audible There was flatness in the left lower axilla and 
over both lower lobes posteriorly, beginning at the angle of the scapula Here 
the tactile fremitus and breath sounds were diminished and a few subcrepitant 
rales were heard 

August 25 Petechiae had become more profuse over the neck, back and 
shoulders 

September 7 The temperature was 99 F , pulse, 112, respiration, 36 
September 11 The temperature was 99 6 F at 4 p m Several hours later, 
the patient had a sudden attack of dyspnea and cyanosis, with twitchings of the 
face, left arm and left leg For a short period, she was unconscious 

September 12 The patient was somewhat stuporous and the temperature 
rose to 103 4 F The left leg was paralyzed The knee jerk was increased on 
the right side and absent on the left There was ankle clonus on the right side 
The patient vomited several times 

September 13 The temperature was 101 4 F 

September 14 The temperature was 99 F , pulse, 120, respiration, 32 In 
the morning, the patient had clonic spasms of the left side, lasting five minutes 
September 15 The temperature rose to 102 6 F , and the pulse rate to 164 
The patient vomited several times, and died 

Temperature Curve — July 24-30 The curve was irregular from 98 to 102 F 
July 31 The range was from 100 to 104 F 

August 1-13 At first, the temperature was from 98 to 99 6 F , later, 98 6 
to 101 6 F 

August 14-20 The temperature ranged from 99 to 102 6 F 
August 21-27 The range was from 98 to 101 6 F 

August 28-September 11 The curve was irregular, from 984 to 101 F, and 
once to 102 F 

September 12 The range was from 101 6 to 103 6 F 
September 13 There was a drop to 98 F 
September 14 The temperature ranged from 99 to 102 6 F 
Laboiatoiy Examinations — These findings are presented m Table 4 
Neciopsy (Nineteen hours after death) — The body was that of an emaciated 
female child There were a few petechiae scattered over the anterior aspect of 
the chest on the right side 
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The heart was somewhat enlarged The pericardial membranes were greath 
thickened and there were fairh dense adhesions between the Msceral and 
parietal lasers The adhesions were edematous, hemorrhagic and friable, and 
represented fibrinous exudate undergoing organization The right auricle 
was dilated The tricuspid orifice admitted three finger tips The \al\e 
showed slight diffuse thickening, but no definite eiidence of a pre\ious attack 
of endocarditis Along the line of closure of the anterior cusp and attached to 
the free edge there were a few scattered minute granular grajish ^errucae in 
a state of healing To the right of the tip of the large papillari muscle was a 
small patch of mural endocarditis, 2 mm in diameter The pulmonar\ ^al^e 
was negatne The left auricle was moderately dilated The mitral ^aI^e 
showed diffuse thickening and whitening Attached to the free edge and \en- 
tricular aspect of the posterior cusp there was an irregular heaped mass of 
rather firm granular opaque jellowish white vegetatne deposit (Fig 7) The 
latter was most massne along the \entricular aspect of the posterior cusp, 
where it reached a thickness of 5 mm The \egetatne process extended to the 
line of attachment of both cusps whence it spread downward along the mural 
endocardium of the \entricle surrounding the upper half of the insertion of 

T ^BLE 4 — Laboratory ETamtnaiions* 


Urine 



Appear- 

Specific 

Albu- 



Due 

ince 

Deletion Graritv 

min 

Siig ir Microscopic 


T/25 

Clear, 

amber 

Acid 1 OCO 

0 

0 Negative 


S/7 

Clear, 

Acid 1 OOo 

Famt 

0 Negative 



amber 


trace 


S 26 

Cleir 

Neutral 1 012 

Heavr 

0 Red blood cells a 

lew leuLocvtes 


amber 


trace 

and fineh granular 

casts 

S 2S 

Smolcv 

Acid 1 0-22 

Heaw 

0 Many red blood cells, 

leulcocvtes and 




trace 

coarselv gnmilar casts 

O' 4 

Smotrv 

All. lime 1 OIS 

Heaw 

0 Numerous red blood 

cells ind white 




trace 

blood cells, and coarselv granular 





casts 





Blood Counts 




Polvmorplionucle ir 


Small Large 


Date 

White Blood Neutrophils, Eosinophils, 

Lvmphocvtes, Lvmphocvte^ 

Monoevtes, 

Cells 

per Cent 

per Cent 

per Cent per Cent 

per Cent 

r/26 

6 400 

66 

1 

SO 0 

0 

1 

6 0X> 

71 

■> 

«V> f 

— 1 

1 

S/IS 

6 600 

72 

t 

7* 

34 0 

0 

sns 

S400 

7S 

0 

16 6 

0 

S SI 

ioax> 

S4 

0 

14 2 

0 


" Blood Clitoris iicre t iken Jiilv SI, August 29 and September it There wis no growth 


both papillaiy muscles in crescentic fashion The papillarj- endocardium was 
intact As the \egetations passed behind the chordae attached to the posterior 
papillaix muscles, the\ extended forward and downward along the endocardium 
of the interwentncular septum in the form of a lingual process (Fig 7) The 
^egetatlons also extend upward for a short distance along the \entncular 
aspect of tlie aortic cusp of the mitral ^al^e The aortic ^ahe was negatne 
The Aegetation contained no bacteria in smears, crushings and cultures The 
left Aentncle was In pertrophied, and the mjocardium was brownish and 
cloud} The coronar} arter} and aorta were normal 

The lungs show ed congestion and areas of bronchopneumonia 
The tracheobroncliial and mediastinal hunph nodes were enlarged and firm, 
and showed gaseous tuberculosis 

The Iner was enlarged weighing 1,500 gm, and showed the t}pical nutmeg 
appearance of adianced dironic passne congestion 

The spleen (weight 150 gm ) was enlarged for the size of the child The 
capsule was thickened and adherent at numerous points to the diaphragm and 
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abdominal wall Beneath the surface were two small wedge-shaped infarcts, 
the larger the size of a pea The malpighian bodies were hjpoplastic and the 
pulp showed congestion 

The two kidneys weighed 300 gm The capsules stripped readily, revealing 
a smooth surface, grayish brown and studded with numerous small hemor- 
rhages of variable size There were present marked cloudy swelling and intense 
congestion Some of the glomeruli could be made out as tiny red points 

Mtcjoscopic Examination — Myocardium and pericardium showed that 
the stnations of the heart muscle were somewhat indistinct There were 
scattered areas of perivascular scarring and round-cell infiltration Neither 
Aschoff bodies nor Bracht-Waechter lesions were present The pericardium 



Fig 7 (Case 4) — Left side of heart There are \egetations along the line 
of closure of the arotic cusp of the mitral valve and along the free edge and 
ventricular aspect of posterior cusp Extension of the endocarditic process 
from the line of attachment of the valve downward along the wall of the ven- 
tricle and the tips of both papillarj muscles, and further spread of the vegetative 
process on both sides of papillary muscles may be noted There is a tongue- 
like projection of vegetative mass on endocardium of interventricular septum 

was markedlj' thickened, consisting of a layer of edematous tissue infiltrated 
with round cells and containing numerous dilated blood vessels Beneath this, 
there was a layer of vascularized fibrous tissue 

In the mitral \alve, the vegetations consisted of a thick layer of thrombotic 
material attached to the valve by a broad base The thrombus deposit consisted 
of pink-staining, parth hjalnnzed material, representing altered blood platelet 
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masses, and blue-staming material Special stains showed no bacteria In the 
deeper layer, there w^as a great deal of vascularized connectne tissue con- 
taining large numbers of fibroblasts, oval mononuclear cells, round cells and a 
few' pob'morphonuclear leukocytes Phagocjtic cells containing \ellowish 
brow'll pigment w'cre also present 

The lungs show’ed an advanced grade of chronic passive congestion, w'lth 
necrosis of the cells in the center of the lobules and marked dilatation of the 
sinusoids, and fatty infiltration of the cells in the peripherj 

Examination of the spleen showed that the malpighian bodies were hyper- 
plastic Many of the arterioles of the latter show'ed sw'elling and proliferation 
of the endothelium and a variable degree of narrowing of the lumen Several 
of the arterioles were plugged wuth blue-staining thrombotic material, repre- 
senting small emboli The pulp showed marked congestion and moderate 
hyperplasia The cells lining the venous sinuses w’ere sw'ollen and prominent 
Just beneath the capsule w'as a small healed infarct 

The tracheobronchial lymph node showed an area of caseation, surrounded 
by a rim of lymphoid tissue containing numerous Langhans’ giant cells 

Comment — The tentatue diagnosis at the time of obsenation was 
subacute bacterial endocarditis The mam findings w'ere the subacute 
febrile course, organic mitral lesions, arthritic symptoms, pericarditis, 
crops of petechiae, eruption on the face resembling acute lupus erythe- 
matosus dissemmatus, pneumonia and negative blood cultures The 
fever, valvular lesion and petechiae strongly suggested the presence of 
subacute bacterial endocarditis, but doubt wmuld be throwm on the 
diagnosis if the patient were observed at present, because of the peri- 
carditis, peculiar cutaneous eruption and negative blood cultures As 
wull be discussed m detail later, a universal fibimous pericarditis does 
not occur m subacute bacterial endocarditis as a part of the disease, and, 
similarly, cutaneous lesions of the character observed in this patient 
occur m the latter rarely if at all The failure to grow’- oiganisms from 
the blood does not exclude the presence of subacute bacterial endo- 
carditis 

The bluish discoloration of the painless, swollen joints deser\eb 
mention This finding does not occur m any of the w’ell-recogmzed 
forms of endocarditis The unilateral twutchmgs and paralysis, and the 
disturbances of consciousness which occurred se^ eral days before death, 
may have been due to small cerebral emboli, although this cannot be 
stated wntli certainty because permission w’as not granted ior an exam- 
ination of the brain Embolism does occur m the atypical form of 
endocarditis as is manifested by the presence of small splenic infarcts 
in three of the cases 

At the postmoitem examination, it w’as recognized that the endo- 
carditis W’as of a peculiar type, particularly because of the unusual 
manner of spread of the endocardial lesions along the posterior w’all of 
the left ventricle The \egetations w’ere carefully studied for the 
presence of bacteria, but none w’ere found , yet the histologic examina- 
tion of the endocardial lesions re^ealed an actue inflammatory process 
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It IS true that in rheumatic endocarditis one finds active inflammation 
in vegetations from which bacteria cannot be isolated, but the localiza- 
tion and the gross and microscopic appearance of the endocardial lesions 
m the case described above were entirely unlike the findings in iheumatic 
endocarditis On the other hand, if the lesions were those of active 
subacute bacterial endocarditis, laige numbers of bacteria would have 
been found in the vegetations 

GCNERAL COMMENT 

1 Moihid Anatomy — A summary of the pathologic findings 
observed in our four cases will serve to demonstrate the characteristic 
lesions of the atypical foim of endocaiditis and will furnish a basis of 
comparison for cases observed in the future In three of the four 
cases, there was a universal organizing fibrinous pericarditis with friable 
adhesions between the visceral and parietal layers In one of these, 
theie was also a steiile pericardial efifusion The pericarditis in the 
three cases could not be regarded as a terminal infection, as the peri- 
cardium showed great thickening, with evidences of advanced organiza- 
tion of the pencarditic exudate The microscopic examination in one 
instance revealed marked leukocytic infiltration of a difterent character 
from that seen in rheumatic cases In no instance were micro-organisms 
found in sections especially stained for their demonstration In Case 2, 
there was no exudate on the visceral pericardium, but there was a 
localized fibrinous deposit on the parietal pericardium, resulting in 
adhesions to the adjacent pleura 

The distribution of the endocardial lesions is shown in Table 5 
Table 5 — Distnbiition of Eiidocai dial Lesions 


Tricuspid valve 4 

ITilmonarj valve 2 

Mitnl valve 4 

Aortic \ alve 2 

Right auricle 2 

Left auncle 1 

Right ventricle 1 

licft ventricle 4 


The vegetations on the mitral valve were situated for the most part on 
the closure line and generally extended both above and below the latter, 
involving the free edge in places The lesions in two instances had a 
definitely verrucous chai acter, in the one being grayish pink and opaque, 
and in the other more grayish, fibrous and more translucent The 
individual verrucae varied in size from 1 to 4 mm , and had in places a 
rather broad attachment to the valve In one case, the vegetation had 
a very extensive attachment to the mitral valve and, though slightly 
elevated, the lesions had a rather flat surface In Case 4, the lesions 
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on the posteiior cusp of the initial valve were situated chiefly on the 
ventricular aspect of the valve The inode of extension of the vegeta- 
tive process from the mitral valve to the muial endocaidium was rather 
characteristic In each instance, the inflaminatoiy piocess had spread 
from the ventriculai aspect to the posteiioi cusp of the initial valve 
and the line of attachment of the lattei downwaid along the mural 
endocardium of the posterioi wall of the ventiicle foi a variable distance 
Two of the cases showed small isolated patches of mural endocaiditis 
in the left ventiicle, and two m the light ventiicle In one of the 
formei, theie was a fairly laige aiea in the legion of the apex of the 
left ventricle (Fig 1) 

All foui cases showed lesions on the tiicuspid valve, in each instance 
affecting only a part of the circumfeience Heie, the lesions weie 
smaller than on the mitral valve, were more niegulaily distributed, and 
weie but slightly elevated above the surface Of special inteiest was 
the involvement of the pulmonary valve, as the latter valve is laiely, if 
ever, involved in rheumatic fevei and is veiy uncommonly affected m 
subacute bacterial endocarditis 

In Cases 2 and 3, theie weie small niegulai flat lesions on the 
ventricular aspect of the valve and along the line of attachment of the 
latter to the ventiicle Two of the cases showed small lesions on the 
aortic valve In one of these, theie was a narrow strip of endocarditis 
along the line of attachment of one of the cusps In two instances, 
there weie flat lesions of iiiegular outline on the endocaidium of the 
light auiicle Intel speised among the vegetations on the valvulai and 
mural endocardium, theie weie numerous small hemorrhages The 
myocaidium showed a vaiiable degiee of parenchymatous degeneration, 
and in one case showed definite fatty changes The coionaiy aiteries 
and aorta showed a slight degiee of scleiosis 

The micioscopic findings were not uniform, but piesented certain 
charactei istics in common 'I he vegetative lesions on the heart valves 
were capped by blood platelet thrombus deposit showing various degrees 
of hyaline change In places, the vegetations weie coveied with endo- 
thelium but large aieas remained denuded In the deeper layeis, there 
were focal and diffuse cellular infiltrations, chiefly of round cells in 
three of the cases, and piedommantly of polymoi phonuclear cells in the 
remaining one Scattered among the inflammatory foci weie numerous 
small hemoiihages In places, the entiie thickness of the valve was 
affected by the mflammatoiy piocess The valves m seveial instances 
showed diffuse fibious thickening of the type lesulting from previous 
attacks of endocarditis In the older lesions, theie weie areas of fibro- 
blastic invasion, hyahnization of the newly-formed connective tissue 
and extensive vascularization In one case, many of the blood vessels 
in the mitral valve showed marked endothelial prohfeiation of the 
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intima The mural lesions presented a picture similai to that seen on 
the heait valves Here, however, the superficial platelet thrombus 
deposit was more extensive and more massive, and larger areas were 
denuded of endothelium The process extended into subjacent struc- 
tures, destroying and replacing some of the underlying muscle fibers 
There weie cellulai accumulations m the subendothelial tissues and 
extensive fibrosis in the deeper layers, indicating healing In the older 
lesions, both muial and valvular, there was extensive fibroblastic inva- 
sion and fibrosis, and a lesser degree of cellular infiltration The 
endocarditic lesions in all cases were free of demonstrable bacteria, as 
determined by studies of smears, cultures and stained sections The 
heart muscle showed no Aschoff bodies and Bracht-Waechter lesions 
In one case, there was a slight diffuse inteistitial fibrosis in the mjo- 
cardium 

Two of the cases showed bronchopneumonia, and the othei two, 
fibrinous pleurisy with effusion The hvei in three of the cases was 
enlarged, and showed chronic passive congestion and a variable degree 
of parenchymatous degeneration In the remaining case, the liver was 
small The spleen in three was enlarged, weighing 240, 150 and 600 gm , 
respectively In two of these, the malpighian bodies were enlarged, and 
in one, the enlargement was due not to hyperplasia of the lymphoid 
elements, but to a peculiar hyaline thickening around the arterioles 
In one of the two cases in which the malpighian bodies were not 
enlarged, many of the arterioles in the latter showed marked endo- 
thelial proliferation of the intima, with marked narrowing of the lumen 
In the remaining case, the spleen was small, weighing only 80 gm 
Small splenic infarcts were found in three of the cases 

In each instance, the kidneys showed small hemorrhages beneath 
the capsule, and the parenchyma showed tubular degeneration of vari- 
able degree Diffuse glomerulonephritis was present in two of the 
cases, acute in one and subacute in the other In no instance were the 
embolic glomerular lesions of subacute bacterial endocarditis found 

2 Chmcal Findings — Three of the patients weie female and one 
male, the ages being IOV 2 , 19, 24 and 37 years, respectively None of 
the patients complained of symptoms referable to the heart prior to the 
onset of the fatal illness, and none gave a history of chorea In three 
of the cases, the disease was ushered in by aithritic symptoms The 
initial complaint of the fourth patient was precordial pain, which was 
followed by arthiitis and the manifestations of acute nephritis The 
disease m each instance ran a subacute course, lasting from four and a 
half to nine months All had pyrexia of irregular type throughout the 
greater part of the period of observation One of the patients (Case 1), 
whose temperature had risen daily to from 101 to 104 F , showed 
practically no fe^er during the last month of her life Another patient 
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(Case 2 ), whose tempeiatiiie dm mg the pcuod of obseivation was 
constantly elevated, fluctuating between 102 and 104 6 F , developed 
hypeipiexia shoitly befoie death, the tempeiatuie using to 108 F In 
another case (Case 3), the temperatuie i cached fioin 101 to 102 F 
daily, the highest tempeiatuie lecoided being 103 8 F In the fouith 
case (Case 4), the tempeiatuie geneially lose fiom 100 to 1014 F, 
reaching 104 F on one occasion Excessive sweating was not a maikecl 
feature and iigois weie uncommon Anemia was noted m each instance 
and was of modeiate seventy in all but one case, in which, during the 
couise of SIX weeks, the hemoglobin peicentage fell fiom 84 to 34, and 
the eiythiocyte count fiom 5,400,000 to 2,088,000 

The heait showed no gieat enlaigement in an) case Tachycaidia 
was the lule, but at no time was an anhythmia noted Muimtirs were 
heaid in thiee cases In Case 1, the auscultatoiy signs pointed to initial 
insufficiency, and m Case 4, to initial stenosis and insufficiency In 
Case 3, the patient developed undei obseivation a systolic muimui over 
the pulmonaiy aiea This finding is inteiestmg, in view of the endo- 
caidial lesions which weie pieseiit on the pulmonaiy vaUe In Case 2, 
no mill mill s weie heaid at any time dining the patient’s sojouin at the 
hospital Three of the patients complained of piecoidial pain, and in 
each case a peiicaidial fiiction mb was heard One of these patients 
developed, in addition, a peiicaidial eflusion In each instance, the 
peiicaiditic manifestations made then appeal ance at least several weeks 
befoie the patient’s death The fiiction mb heard in Case 2 pioved 
to be pleui Opel icai dial m oiigin 

Pulmonaiy symptoms weie piesent in each case Three of the 
patients had pleui isy with efifusion, and one of these showed in addition 
outspoken signs of pneumonia In a fouith patient (Case 41, theie 
were signs ot fluid at both bases She was tapped dining life, but no 
fluid was obtained, and at neciopsy no fluid was found, but the method 
of examination was inadequate to exclude its piesence with certainty 
Micioscopic examination of the lungs levealed aieas of bionchopneu- 
moma 

All the patients showed aithiitic symptoms, which developed early 
and lectured fiom time to time dining the conise of the illness The 
intei phalangeal joints, as well as the largei aiticulations, weie affected 
The joints were not swollen and led as in typical iheiimatic aithiitis, 
and, 111 two instances, piesented ceitain unusual featiiies In one case, 
theie weie pain and tenderness of the metacarpophalangeal joints of 
one hand , but. although theie was but slight swelling, the ovei lying skin 
was of a peculiai lecl, unlike that seen in typical iheumatic aithntis 
In anothei case, some of the joints weie swollen but not tender, and 
the ovei lying skin had a bluish color In the two remaining cases, the 
joints weie painful and tendei, and sometimes swollen 
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The cutaneous manifestations were of paiticular interest All the 
patients showed petechiae in the skin or conjunctival mucous membrane 
or both, generally occurring in crops and many having white centeis 
These petechiae weie identical in appearance with those seen in subacute 
bacterial endocarditis Two of the patients showed an erythematous 
eruption of butterfly distribution on the face, which resembled acute 
lupus erythematosus disseminatus Both of these patients had erythe- 
matous lesions 111 other parts of the body, and one also showed ulcerative 
lesions of the buccal and lingual mucosa A third patient had an eitip- 
tion involving the entire trunk and extremities, characterized by irregu- 
lar blotches of purpura interspersed among aieas of erythema In 
Case 1, a localized bilateral dermatomyositis appeared early in the 
disease, and later herpes zoster developed 

Because of the friability of the endocardial lesions, embolism can 
occasionally occur, and, in one instance, the patient experienced symp- 
toms pointing to splenic infarction Two other cases showed small 
splenic infarcts at the postmortem examination, but apparently these 
gave no symptoms during life One of the patients developed symptoms 
suggesting cerebral embolism shortly before death, but this could not be 
confirmed because an examination of the biam could not be made The 
finding in one of the cases of tendei erythematous nodes which were 
apparently identical with the Osier nodes seen in subacute bacteiial 
endocarditis is significant because it indicates the possible occurrence 
of them in the atypical form of endocarditis 

Two of the patients showed acute glomei ulonephritis, one at the 
onset of the disease and the other toward the close The first of these 
patients (Case 1) showed albumin, tube casts and erythiocytes in the 
urine, oliguria, a rise of blood pressure, a marked reduction of the 
phenolsulphonephthalein output, moderate nitrogen retention, anasarca 
and convulsions, and finally died in uremic coma In all probability, the 
nephritis contributed largely to the severity of the anemia which this 
patient developed so rapidly The second patient developed the mani- 
festations of nephritis late in the disease and died in convulsions The 
two remaining patients displayed albuminuria and cyhndruiia, and 
erythrocytes were present in the urinary sediment, but glomerulo- 
nephritis was not found at the postmortem examination 

There seems to be but little tendency to leukocytosis in the instances 
of the disease thus far observed In one case, the leukocyte count ne-ver 
rose above 5,600 The highest polymoi phonuclear neutiophil percentage 
noted in this case was 74 In two other cases, the leukocyte counts 
varied between 6,000 and 10,000, and 8,600 and 10,300, respectively 
In Case 1, there was leukopenia early in the disease, later counts rising 
to 13,400 and 21,600, respectively 



LIBMAA'-SACKS— VALVULAR E\ DOCARDITIS 


731 


The blood cultures ^eie uniformly negative, despite the emplo}ment 
of methods which ga^e positne results in more than 90 pei cent of the 
cases of subacute anhemolytic streptococcus and influenza bacillus endo- 
carditis Special anaerobic methods wei e not employed 

Certain of the clinical manifestations, it will be observed, bear a 
striking 1 esemblance to the symptoms included by Osier in the erythema 
group Under the latter designation, Oslei included a large number of 
ill-defined and poorly undei stood cutaneous visceral manifestations, 
including ceitain foims of puipura, angioneurotic edema, eiythematous 
rashes, joint s}mptoms, ulceiative lesions of the skin and mucous mem- 
branes, abdominal colic, pencaiditis and acute nephiitis Although these 
diverse symptoms were giouped under a single designation, a unitary 
etiolog) vas not h 3 'pothecated It is of interest that in Case 26 of 
Osier’s senes, there weie lesions in the face which resembled acute 
lupus er} thematosus It is not improbable that a certain lelationship 
exists betv een the atypical form of endocarditis and certain of the cases 
included in the erythema group 

0 Di^ercntiaUon fiom Subacute Bactcual and Rheumatic Endo~ 
caiditis — In certain lespects, the atypical cases resemble both subacute 
bacterial and iheumatic endocaiditis, and }et the diflreiences are quite 
stiikmg The diflterences in the caidiac lesions when compaiison is 
made with iheumatic cases, relate especially to the moiphology and 
distribution of the lesions and to the piesence oi absence of Aschoff 
bodies 111 the myocaidiuni In typical rheumatic endocarditis, the vege- 
tations consist of small grayish and pinkish grai leirucous stiuctures 
situated in a low along the line of closure of the lahe, raiely involving 
the free edge or the choidae tendmeae The iniohement of the mural 
endocardium is raie, and when it occurs, is piactically negligible The 
individual verrucae on the heart vahes vaiy in diametei from 1 to 3 
mm , those on a gii en \ ah e being uniform in size as a rule Not infre- 
quently, the \egetations are attached to the -lahe by narrow pedicles 
The substance of the ^ egetations is rather firm They are crushed with 
difficulty, and are not easily detached fiom the vahe Micioscopically, 
the vegetatn e nodules, in the early stages of their development, consist 
essentially of a mass of agglutinated blood platelets deposited over a 
localized aiea of edematous and actively proliferating subendothehal 
tissue The denuded endothelium is quickly replaced by new endothelial 
cells which grow ovei the platelet nodule from the adjacent uninvohed 
vah ular endocardium 

In cases of the atjpical form of endocaiditis, the \ egetations fre- 
quently haAe a \eiiucous chaiacter, but tend to be laiger and less uni- 
form in size than the t}pical rheumatic lesions and are attached to the 
valve by a broader base vhich includes the ^alve abo\e and below the 
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closure and iiequentlv also the free edge Unlike those in the rheumatic 
cases, the lesions invoUe the line of attachment of the valves and attack 
the aunculai and ventriculai endocardium by extension from the valves, 
and also in isolated patches The spread of the vegetative process down- 
ward along the mural endocaidium of the left ventricle and the widely 
scattered islands of mural endocaiditis are in sti iking contrast to the 
picture seen in the rheumatic cases The ln^ oh ement of the pulmonary 
valve m two of the cases may be of special significance, as it is of the 
rarest occuirence m rheumatic fever It is significant that none of the 
four cases showed Aschoff bodies in the myocardium The failure to 
find these stiuctures is not conclusive pi oof of the absence of rheumatic 
infection, as they are not alwa3’^s present in cases that appeal to be 
definitel}' rheumatic On the other hand, had Aschoff bodies been found, 
we should have been obliged to classifj' our cases as rheumatic, unless a 
combined infection could have been demonstrated 

Clinically, the differences i elate particularly to the cutaneous mani- 
festations and to the occurrence of embolic phenomena Erythematous 
lesions on the face resembling acute lupus erythematosus dissemmatus 
such as appeared in the atypical cases do not occur in iheumatic fever 
We have nevei seen petechiae with white centeis in a proved case of 
iheumatic endocarditis On the other hand, petechiae both with and 
without white centers were present in each of the four cases described 
above 

Embolism, when seen in rheumatic cases, generally has its source 
from a thrombus in the left auricle, occurring in association with mitral 
stenosis and not from vegetations on the heart valves The rheumatic 
\errucae are too firmly attached to the valve to give rise to embolism, 
and even should an occasional fragment be dislodged, the resulting 
embolism would be too small to be significant On the other hand, all 
sources of embolism, except the valvular and mural endocarditis, could 
be excluded in explaining the infarction of the spleen that occurred in 
three of the four atypical cases As a rule, the spleen is not enlarged m 
rheumatic fever, but enlargement is seen when the latter disease is 
associated with status lymphaticus ^ In thi ee of the four atypical cases, 
the spleen was enlarged, but in no instance was the organ palpable 
during life 

Positive statements cannot be made at present concerning the signifi- 
cance of the glomerulonephritis and the purpura which occurred m the 
atypical group As far as our experience goes, we have never encount- 
tered an instance of acute diffuse glomerulonephritis or generalized 
purpura in a pro\ed case of rheumatic endocarditis The atypical and 
rheumatic forms of endocarditis resemble each other m the occurrence 

3 It IS surprising how frequently rheumatic fe\er is associated with status 
lymphaticus 
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of unnersal fibrinous pericarditis, in the frequent ln^olvement of the 
tiicuspid valve and in the absence of embolic glomerular lesions of the 
kidne} s 

In subacute bacteiial endocai ditis, the \egetations aie larger, more 
elevated and more f liable than in the at}pical cases, and, when situated 
on the mitral vahe, chaiacteristically spread upward along the postero- 
lateral wall of the auricle and downward on the chordae tendmeae 
Moieo\er, involvement of the tiicuspid and pulmonary valves is exceed- 
ingly uncommon (and usually slight) m subacute bacterial endocai ditis 
m the absence of a congenital lesion A umveisal fibrinous pericarditis 
does not occur except in the presence of some complication, or as a 
terminal event, with uremia The essential difference between the 
endocardial lesions of the subacute and at} pical cases is that the vegeta- 
tions in the former contain large numbers of the characteristic organ- 
isms, e g, the anhemolytic stieptococci, influenza bacilli and, rarely 
gonococci or other bacteria Moreover, blood cultures aie geneialh 
positive m cases of subacute bacterial endocarditis 

In both forms of endocarditis, white-centered petechiae are found 
in the skin and conjunctival mucous membranes It is not possible to 
state definitely at present whether a cutaneous eruption i esembhng acute 
erythematosus dissemmatus can occur in subacute bacterial endocarditis 
In a single patient believed to be suffering from the latter disease, a 
somevhat similar lash was seen This patient was treated m the open 
air in a cold atmosphere, and it was not possible to state whether or not 
exposure to the sunlight and cold pla}ed a role in the causation of the 
cutaneous lesions Unfoitunately, a postmoitem examination could not 
be made Acute diffuse glomerulonephritis with its attendant clinical 
manifestations occurs m subacute bacterial endocarditis as well as in 
the atypical cases, but in no instance of the foimer disease obseived thus 
far have the renal manifestations made their appearance early as m 
Case 1 of the atypical group 

Embolism occurs m both types of endocarditis, but in the atypical 
cases It occurs less frequently, and the resulting infarcts are much 
smaller than in subacute bacterial endocai ditis We have hitherto 
regarded the ephemeral teiidei er}thmatous nodules (Osier nodes) as 
pathognomonic of subacute bacterial endocarditis It is of interest that 
indistinguishable lesions were recorded as present in one of our cases 
On analysis, this finding is not unexpected, as the Osier nodes are due 
to small arterial emboli Because of the lesser tendency to embolism 
in the atypical cases, one should, howecei, expect to encounter these 
nodes much less fiequently than in subacute bacterial endocarditis 

The so-called Bi acht- Waechter lesions, which are so frequently 
present m the m}Ocaidium in cases of subacute bacteiial endocarditis, 
were not found in ain of the atypical cases, but as these lesions are not 
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specific, they ha-ve no impoitant diflferential \alue The embolic glom- 
erular lesions described by Loehlem and later studied by Baebr, which 
are found in almost every case of subacute bacterial endocaiditis and 
have thus far never been found in any othei type of endocarditis, were 
not present in any of oui cases 

4 Etiology — We have no clue at present concerning the etiologic 
agent of the disease It has already been stated that the blood cultures 
in each instance were negative, and that theie were no demonstrable 
oigamsms in the vegetations Should the anhemolytic sti eptococcus be 
isolated from the blood in an occasional case of the disease, it will be 
necessary to determine whether it is to be regarded as a secondaiy 
invader or as indicative of a mixed infection That the anhemolytic 
sti eptococcus IS found in the blood m cases of endocarditis in i\hich it is 
not the causative agent is borne out by the findings of Swift and Kin- 
sella, who were able to grow the organisms from the blood m 8 3 per 
cent of a series of cases of rheumatic fever ‘ As we do not know the 
causative agent, it cannot be stated ivith certamt}’- that a unitary etiology 
obtains for all our cases It must be left to futuie studies to determine 
whether the lesions of the atypical form of endocarditis aie due to an 
undescribed virus or are the extraordinary result of the presence of a 
known etiologic agent 

5 Diagnosis — In view of the limited number of cases of the disease 
which have been studied, it is obviously unwise to make dogmatic state- 
ments concerning the diagnostic value of any one symptom oi group of 
symptoms The ensuing remarks are based on the assumption that the 
clinical findings obseived m our cases are the typical manifestation of 
the disease The simultaneous occurience of white-centei ed petechiae 
and acute peiicarditis seems to be the most valuable diagnostic finding 
This combination of symptoms occurs 

(a) In cases of subacute bacterial endocaiditis with advanced lenal 
insufficiency, the pencaiditis developing as a terminal uremic manifesta- 
tion Acute glomerulonephritis develops occasionally dm mg the active 
stage of subacute anhemolytic streptococcus (and Bacillus influenzae) 
endocarditis If death results from uiemia while the bacteria are still 
in the blood, the patient may conceivably develop pericarditis shortly 
before death AVe have never observed such a case, but should one be 
encountered, the blood cultures would probably be positive and the blood 
would show marked nitrogen retention In the healed stage of subacute 
bacterial endocarditis, advanced renal insufficiency is more common, 
chronic diffuse glomei ulonephritis occurring in about 33 per cent of 
the fatal cases that were completely bacteria-free We have encoun- 

4 In contrast to the condition in cases of subacute bacterial endocarditis, 
no immune reactions to the anhemolytic streptococcus haAe been found in the 
cases of rheumatic fe^ er showing bacteremia 
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tered one instance of teiminal fibiinous pencaiditis in a case of this 
type The differential diagnosis heie presents little difficulty, paiticu- 
laily because white-centered petechiae are not likely to occur in the 
bacteiia-free stage 

(b) In cases of combined subacute bacteiial and rheumatic endo- 
carditis The piesence of positive blood cultuies would fuimsh the clue 
to the coirect diagnosis In each of three cases of combined active 
subacute bacterial and iheumatic endocaiditis observed by us, the 
anhemolytic streptococcus was giown fiom the blood It so happened 
that none of these patients had a recent pericarditis 

(c) In cases of acute bacteiial endocarditis The presence of a sup- 
purative focus seiving as a poital of entiy for the pyogenic bacteria, the 
acute, stoimy couise, the Janeway lesions and the positive blood cultuies 
will generally peimit the diagnosis to be made with ease In the 
staphylococcus cases, the petechiae, in conti ast to those seen in subacute 
bacterial and the atypical forms of endocaiditis, often have laised white 
centers Moieovei, peiicarditis is not veiy common in acute bacteiial 
endocaiditis, and, when it de\elops, is prone to become puiulent 

(d) In the atypical foim of veiiticous endocarditis It will be 
lecalled that three of our foui patients displayed white-centeied pete- 
chiae and acute fibi mous pei icai ditis, and it appeal s that the combination 
of these symptoms in the presence of negative blood cultures will furnish 
the clue to the diagnosis of many of the cases obsei ved m the future 

The occuiience of an eiuption on the face and elsewheie lesembling 
acute lupus eiythematous dissemmatus is impoitant if only to attract 
attention to the possible existence of the atypical foim of endocarditis 
A similar statement applies to geneialized purpuiic and eiythematous 
rashes of the type included in the eiythema group of Oslei We attach 
great significance to the finding of acute glomeiulonephiitis in the 
atypical cases, for we believe that the etiologic agent, oi its toxin, has a 
gieat affinity foi the glomerulai endothelium The occurience of acute 
glomeiulonephiitis has only coiioboiative value foi the diagnosis, how- 
evei , foi it also occuis in subacute bacteiial endocaiditis The diag- 
nostic value of this finding would be enhanced if it occuiied as an initial 
symptom, as in Case 1 

In the piesence of fevei, aithritis, caidiac mtiimuis, pencaiditis, 
white-centei ed petechiae, skin rashes of the chaiactei desciibed and 
lepeatedly negative blood cultuies, the diagnosis should piesent no diffi- 
culties It seems highly probable, however, that cases will be encoun- 
teied in which the endocarditic phenomena will be masked b} other 
symptoms Case 2 is an illustration in point At no time could muimurs 
be elicited, in spite of lepeated examinations We hare lecently 
obsei ved a patient who appeared to have conti acted this disease five 
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months previousl}, but as yet no murmurs have appeared In cases 
of this kind, a search for white-centered petechiae, unusual cutaneous 
eruptions, necrotic lesions on the oral mucosa and possibly the skin, 
embolic phenomena and pericarditis uill be required foi the detection 
of endocarditis 

6 Piognosis — The ultimate outcome of these cases is a mattei of 
conjecture The immediate cause of death m our cases was uremia in 
two, pneumonia and, apparently, cerebral embolism in another, and 
pneumonia in the remaining one It is highly probable that mild 
instances of the disease will be observed, and from a study of such 
cases, it may be possible to determine Avhether this foim of endocarditis 
is capable of producing chronic valvulai defects As subacute bacterial 
endocarditis is generally engiafted on diseased valves, it will be impor- 
tant to determine how often the latter infection attacks the valves in 
cases of atypical veirucous endocarditis It is quite conceivable that 
such a superadded infection occurs There is some evidence, both 
clinical and pathologic, that recuriences develop in the atypical form of 
endocarditis In three of the four cases, there were organic changes in 
the vahes indicative of a previous attack of endocaiditis We have 
recently had under observation a patient who, we believe, developed the 
disease He had fever, white-centered petechiae, acute pericarditis, a 
valvular defect and negative blood cultuies Seveial weeks after the 
acute symptoms had subsided and the temperature dropped to normal, 
he de\ eloped a recurrence of the fever, and a fresh crop of white- 
centered petechiae appeared He reco\ered, and now shows only the 
manifestations of chronic valvular disease 

SUMMARY 

We have had the opportunity of studying the clinical and pathologic 
findings in four cases of a hitherto undescnbed form of endocaiditis, 
which we have for the present described as an atypical form of ver- 
rucous endocarditis In moiphology and localization, the endocardial 
lesions difiered from those obseived m subacute bacterial, rheumatic 
and other types of endocarditis All four valves were involved, and 
theie was a tendency foi the inflammatory process to attack the mural 
endocardium A uniform finding in oui cases was the extension of the' 
endocaiditic process from the ventricular aspect of the posteiior cusp 
of the mitral \alve along the adjacent mural endocardium of the pos- 
terior wall of the ventiicle Isolated areas of mural endocarditis were 
found in the right auricle and both ventricles The vegetations were 
free of demonstrable bacteria and piesented a histologic structure which 
differed in many respects from that of the lesions in othei types of 
endocarditis The heart muscle showed neither Aschoff bodies noi 
Bracht-Waechter lesions and the kidneys showed no embolic glomerular 
lesions 
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The disease, in the form in \\hich it attacked young people ^^ho had 
pieviotisly had no oiganic s}mptoms, lan a subacute couise with fe\er 
and piogiessive anemia Biiefly enumeiated, the clinical findings were 
peiicaiditis, white-centered petechiae, aithiitis, eiythematous and pur- 
puiic lashes, ulcerative lesions of the mucous membranes, pleuiopulmo- 
naiy symptoms, embolic phenomena, enlargement of the livei and spleen, 
acute glomerulonephritis, a tendenci to leukopenia and lepeatedl}^ nega- 
tne blood cultuies T^^o of the patients had an eruption on the face 
which lesembled acute lupus eiythematosus disseminatus One of the 
patients is said to have had tendei eiythematous nodules uliich were 
appaientl} identical with the Oslei nodes, previousl} obsened only 
in subacute bacterial endocaiditis 

Foi leasons stated abo\e, the acute pericai ditis, white-centered 
petechiae and negatne blood cultuies together appeals to ha\e diagnostic 
value, especial!} m diftei entiating these cases from iheumatic and 
subacute bacterial endocarditis In certain cases, the chief diagnostic 
problem appeals to be the detection of endocarditis, foi the manifesta- 
tions of the latter may be masked by other symptoms In such cases, 
the presence of an eiuption on the face lesembling acute lupus ei}thma- 
tosus disseminatus or pecuhai er}thematous and purpenc i ashes else- 
wheie should lead to a seaicli for the other manifestations of the atypical 
foim of endocaiditis 

Attention was diiected to the similarity of ceitain of the S}mptoms 
to those observed m the eiythema gioup of Oslei, and to the existence 
of a possible lelationship between certain instances of the latter and the 
atvpical form of endocarditis The frequency of the disease and the 
ultimate outcome of nonfatal cases is a mattei of conjecture Future 
studies must deteimine whethei this foim of endocaiditis is a potential 
cause of chronic valvular disease The etiolog}'^ is as yet unknown, and 
It IS suggested that, in future studies, the special methods adapted for a 
cultivation of filtrable Mruses and spirochetes be employed among otheis 
m the search foi the exciting agent 



THE EFFECT OF AMYL NITRITE, BLEEDING AND 
EPINEPHRIN ON THE BLOOD PRESSURE AND 
THE SIZE OF THE CAT’S HEART’’ 
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BOSTON 

The experiments described in this papei weie undertaken with an 
idea of comparing the relative changes in heart size and blood piessure 
which occur duiing vasoconstriction, vasodilatation and bleeding It is 
known that the intravenous injection of epmephnn causes a sharp rise 
in the aiterial blood pressuie due laigely to vasoconstriction^ It is 
known also that the nitrites cause a rapid fall m blood pressure due to 
a vasodilatation by direct action on the blood vessels ^ Meek and Eyster,“ 
in carefully controlled roentgen-ray studies on dogs found that there 
was a 1 eduction in the blood pressure and diastolic size of the heart after 
a hemorihage amounting to about 2 per cent of the body weight 
Meyer'* has shown by roentgen ray that hearts of rabbits decrease in 
size after bleeding He reported a case of marked diminution in the 
heart outline following hemorihage, vith a gradual leturn to normal 
after recovery of the patient 

Adult cats were used in these experiments They were etherized, 
placed on an animal board, and held firmly in position by means of leg 
ropes and adjustable side arms at the neck and lower border of the 
thorax The board was so constructed that the animals lested on a 
conca\ e sui face of lead supported by a wooden frame woi k An opening 
4 by 5 inches (10 by 12 5 cm ) in diameter in the lead floor directly 
under the thorax was replaced by a thin aluminum sheet to allow the 
penetration of the roentgen rays An 8 by 10 inch (20 by 25 cm ) metal 
tray suppoited the screen which moved secuiely in a 12 by 15 inch (30 
by 37 5 cm ) shelf beneath this lead-aluminum floor, directly under the 
upper abdomen and thorax of the animal By a manipulation of the 
tray in four diiections, the film was divided into as many quarters, three 

*From the Medical Clinic of the Peter Bent Brigham Hospital and the 
Department of Medicine of the Harvard Medical School 

1 Cushny, A R The Text Book of Pharmacology and Therapeutics, 
Philadelphia, Lea & Febiger, 1918, p 367 

2 Sollmann, Torald A Manual of Pharmacology, Philadelphia, W B 
Saunders Company, 1917, p 376 

3 Meek, W J , and E\ster, J A E Am J Physiol 56 1 (May) 1521 

4 Mejer, E Kim Wchnschr 1 1 (Tan 1) 1922 
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of which were at all times cut oft from the roentgen rays by means of 
the lead surfaces, while the fouith rested beneath the aluminum floor 
Each quarter was numbeied in sequence and designated with the letter 
of the cat This method of study permitted a lapid change of films 
without affecting the position of the animal A portable roentgen-ray 
apparatus was used in making the pictuies, the tube being held in posi- 
tion 4 feet (12 meteis) above the animal by means of an upright 
standard The exposuie was foi ten seconds and the cuiient was of 10 
inilliampeies backed up by a 4% inch (11 3 cm ) spaik gap 

The proceduie for study consisted of taking control pictuies until a 
satisfactory position of the chest was obtained The femoral arteiies 



Fig 1 — Corresponding changes in the heait and blood pressure during 
vasodilatation and vasoconstriction, and after bleeding The weight of the 
silhouettes is expressed m milligrams 


and veins weie then exposed, and 100 mg of hepaim '■ dissolved m 2 c c 
of physiologic sodium chlorid solution was injected intiavenously A 
cannula was mseited m the left femoial artei}-, it being connected with 
a manometer appaiatus by means of a short rubbei tubing The tubing 
contained, undei slight piessuie, 50 c c of a 3 pei cent acacia solution 
and 10 mg of hepaiin Stopcocks, which separated the manometer and 
cannula from the blood stieam of the animal weie then released, and a 
giaphic lecoicl of the aiteiial piessme was tiaced on a smoked dium 
At the same time, a roentgenogram was made This procedure repre- 
sented the control and is indicated on the graph (Fig 1) as Period I 
Consecutive i oentgenogi ams and piessure tiacmgs were made at dif- 


5 Howell, W H , and Holt, E Am J Physiol 47 328 (Dec ) 1918 
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ferent stages during the experiment and are recorded with corresponding 
numerals on the graph The changes in heart size were estimated by 
outlining the heart shadow on the roentgenogram with pencil and tracing 
a silhouette from this on smooth white paper The silhouettes were 
carefully cut and weighed, the weight being accurate to 1 mg The 
blood pressure variations were determined by the rise and fall of the 
pressure curve in relation to the base line 

Since the findings and procedures were practically the same m each 
cat, one experiment will serve as an example for all Cat H, a male, 
weighing 4 2 kg , was etherized and prepared for study as outlined in 
the plan of technic After the control picture and blood pressure records 
were made, an amyl nitrite “pearl” was broken and held m a cone o^ er 
the animal’s nose Following three or four respirations, the blood pres- 
sure fell, and a tracing and a roentgenogram were taken immediately 
This procedure represents Period II, and it will be seen on comparing the 



Fig 2 (Cat E, weight 3 2 kg) — Left Silhouette of the heart (weight, 
558 mg ) before bleeding Right Decrease m the heart silhouette of 148 mg 
after withdrawal of 28 c c of blood 


silhouettes that theie was a diminution m heart size with the correspond- 
ing fall m blood pressure Periods III and IV show the return of the 
pressure to normal with a gradual increase in the heart shadow^ Fifteen 
minutes after the completion of Period IV, 0 25 c c of a 1 1000 solution 
of epinephnn was given intravenously One minute later, the pressure 
rose, and a picture was taken as the recording needle reached the highest 
point on the smoked drum The heart silhouette in this period (V) was 
markedly increased in size The pressure dropped rapidly below normal, 
and after it had become stabilized another tracing and roentgenogram 
were made (Period VI) Period VII represents a return of the blood 
pressure to normal with an enlarged heart area as compared to <^he 
preceding period (VI) After the pressure had remained constant for 
fifteen minutes, 40 c c of blood was withdrawn from the left femoral 
artery The blood pressure dropped rapidly and was traced at the lowest 
point The roentgen-ray silhouette at this time showed a diminution in 
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heart size Successne tracings and roentgenograms taken at twenty 
minute intervals show a giadual although incomplete return to normal 
Quite similar results v ere obtained m other cats 

COMMENT 

This experiment suggests the leady adaptabilit} of the heart to 
changes m the size of the blood Aessels It seems that when the Aessels 
are dilated and the piessuie is lowered, the heart diminishes m size 
When the a essels are contracted, the blood pressure is eleA^ated and the 
heart is increased m size This relationship is expressed m a striking 
AA^ay m Period V AAhen epinephrm AA'as given AAhile the heart AA^as still 
shoAving the effects of amyl nitrite b} diminished size Here the outline 
AA^as greatly increased in all dimensions oa er any preAuous silhouette The 
Aery slight increase of heart size in Peiiods IX and X (after bleeding) 
as compai ed to the marked changes folloAAung amyl nitrite administration 
and the secondarA effects of epinephrm are due, no doubt, to the loss 
of fluid from the Aessels as the result of Aenesection The return to 
normal is dependent in all piobabihty on the transfusion of fluids fiom 
the tissues into the vessel spaces AAdiich occurs sIoaaA} In this regaid 
Meyer has sIioaa n that the heart of a rabbit aftei bleeding does not com- 
pleteh return to normal from tAA'ehe to tAAentA-four hours if the animal 
is placed in the cage aa itliout fluids to drink He produced, liOAveA'^er, a 
lapid dilatation of the heart after the intraAenous injection of colloidal 
calcium phosphate A¥e found this to be true in three of the experiments 
AAhen the heart quickh letuined to normal after the injection of a 10 
per cent solution of acacia, equal to the amount of blood AvithdraAA n 

CONCLUSIONS 

1 In experiments on cats folloAAing the inhalation of amyl nitrite, 
the heart temporarily decreases in size Avith a fall in blood pressure 

2 There is a transient increase m heart size Avith the use in blood 
pressuie during the a asoconstricting effect of epinephrm 

3 Immediateh after bleeding, there is a fall m blood pressure and 
a corresponding diminution in the size of the heart The blood pressure 
approaches normal Avithin a «;hort time, but the heart remains 
comparative!}* small 

4 There is a suggested lelationship betiAeen the blood pressure and 
''lianaes in the heart size 



RECTAL DIGITALIS THERAPY^ 


ROBERT L LEVY, MD 

NEW \ORK 

Not infrequently, patients suffering from heart failure are unable 
to take digitalis by mouth because of nausea, vomiting or surgical 
operation It is in the advanced stages of myocardial insufficiency, 
at a time when the indications for administering digitalis are most 
urgent, that nausea and \omiting are often prominent symptoms 
The occasional onset of cardiac weakness following operative procedures, 
when oral medication cannot or should not be resorted to, likewise calls 
for stimulation of the heart muscle The margin of safety between 
therapeutic and toxic dose, when a membei of the digitalis group is 
given by vein, is sufficiently small to render this method of administra- 
tion hazardous Concerning the effects of subcutaneous or intramus- 
cular injection, but little definite information is at hand Such evidence 
as IS available indicates that there is considerable variability in the rate 
of absorption when digitalis or strophanthin is so given, especially in 
the presence of circulatory stasis and edema Furthermore, these sub- 
stances, being irritants, cause pain when injected into the tissues The 
present study was undertaken to ascertain the feasibility of rectal 
digitalis +herap} 

LITERATURE 

Only a few fragmentary reports concerning the administration of 
digitalis by rectum haA^e been recorded These papeis are based largely 
on clinical impressions No studies of the late of absoiption have 
been made 

Eichhorst,^ in 1916, administered small daily enemas containing 
digitalis to a gioup of patients with chronic cardiac insufficiency, and 
believed that it Avas in this variety of heart failure rather than in acute 
decompensation that rectal therapy was indicated The enema employed, 
termed by him “miki octysma,” consisted of 5 c c of lukewarm Avater, 
10 drops of digalen (Cloetta), 10 drops of tincture of strophanthus and 
0 3 gm theocm The enema was given each morning over a relative!} 
long period of time The usual digitalis effects Avere noted Interrup- 
tion m treatment resulted in recrudescence of symptoms When evidence 
of irntanon of the large boAvel appeared, the addition of from 5 to 10 
drops of tincture of opium for two or three days served to do aAA’^ay with 
the discomfort Vomiting was obseived m a feAV instances and was 

*From the Department of Medicine of the College of Physicians and Sur- 
geons, Columbia Unu'ersity and the Presbyterian Hospital 

1 Eichhorst, H Die Behandlung chronischer Hermuskelmsuffizienz, 
Deutsch Arch f klin Med 118 337, 1916 
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attributed to the theocm Omission of this drug from the enema, oi 
substitution of another diuretic, abolished this undesiiable effect In 
patients in whom digitalis, given by mouth, had lost its therapeutic 
action, Eichhorst beheied that the rectal method of administiation often 
proved strikingly effectual 

Morin," following this lead, studied twelve cases in which digitalis 
was given in the foini of suppositoi les These contained digalen 1 cc 
(equivalent to 015 gin of digitalis), benzocam and coco butter 
He recommended that three suppositories be emplo 3 ’-ed daily for three 
days, to be f ollon ed b} two on the fourth day, if necessary In sca en 
cases, the lesults -were excellent One patient, though maikedly 
iinproAed after the fiist course, failed to respond a second time Four 
died All showed characteristic digitalis effects Morin stated that 
absorption from the lectuin was good, and that the total dosage required 
for digitalization was identical with the amount required when the drug 
was given by mouth In his opinion, the advantage of the rectal method 
lay in the possibility of administering digitalis to patients ivho were 
vomiting One of the striking results obtained was in a patient with 
irregular rltythm (probably aiiiicular fibrillation) m wdiom, prior to 
medication, the heart late was 165, the pulse rate. 85 Three days later, 
after 0 45 gm digitalis had been given, the heart rate w^as 80, with all 
the beats felt at the wwist 

Cloetta,^ 111 a discussion of the vaiious methods of administering 
digitalis, set forth a number of leasons wdi}’-, a puou, absorption from 
the rectum should be rapid and quantitatne There is no admixture 
wutii hydrochloric acid, wdiich this author believes he has shown destroys 
the activity of the glucosids and forms a combination wdiich is toxic for 
the nerve centers In stasis of the mesenteric veins and liver, the absorp- 
tion of digitalis by mouth may be uncertain By the administration of 
the drug by rectum, the portal system is, m a measure avoided, in that 
all of the blood from the inferior hemorrhoidal veins and part from the 
middle hemorrhoidals accoidmg to this author, goes directly into the 
infer lor vena car a and thence to the heart Cloetta also expressed the 
belief that the preialent conception, wdiich assumes that the dose of a 
giA'en b} rectum must be laiger than wdien given by mouth, is 
erroneous 

The more recent paper by Meyer ^ adds but little to those just cited 
He gave 1 c c of liquid digipuratum in 10 c c of w^ater, m a small 

2 Alonn, J De I’emploi de la digalene en suppositoires, Rev Med de la 
Suisse Romande 38 694, 1918 

3 Cloetta, M Ueber die Anwendungsweise der Digital ispraparate, Corr- 
B1 f Schweiz Aerzte 49 1193 (Aug 14) 1919 

4 Aleyer, E Ueber rectale Digitalistherapie, Klin Wchnschr 1’57 
(Jan 8) 1922 
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glycerin enema Like Eichliorst, Meyer belie\ed that patients lefractory 
to digitalis by mouth often responded satisfactorily to the rectal method 
of treatment 

MATERIAL AND METHOD OF STUDY 

Digitalis was administered by rectum twenty-six times to twenty 
patients Cases with fibrillation of the auricles were selected for study, 
m order that the effect of the drug on the heart rate might he employed 
as one of the criteria of the rapidity of absorption One case of ectopic 
auricular tachycardia is included m the series The patients all suffered 
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Fig 1 (Case 1) — Electrocardiograms showing auricular fibrillation The 
ventricular rate, November 27, at 10 a m, was 122, 1 IS p m, 136, 2 15 p m , 
100, 5 12 p m, 54, November 28, 9 45 a m, 60 A change in the form of the 
T-waves is first apparent in the record made at 1 15 p m , when T2 and T3 
are more deeply inverted The inversion increases progressively and is most 
marked, November 28 

from heart failure In all, the initial ventricular rate was rapid, usually 
over 120 a minute The group comprised individuals ranging m age 
from 9 to 62 years The clinical conditions associated with auricular 
fibrillation likewise varied Depending on the type and extent of myo- 
cardial damage, as well as on the presence or absence of edema, serous 
effusions, infection, etc , variations m the rapidity and degree of digitalis 
action were to be anticipated 
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Some of the patients had received digitalis prior to admission to the 
hospital , but the amount given was always inadequate to i eheve cardiac 
insufficiency When the condition of the patient wan anted, a prelimi- 
nary period of several days in bed, without medication, preceded rectal 
therapy 

After suitable control observations, hourly records of heart and pulse 
rates were charted for eight hours following the digitalis enema, and 
at four hour intervals for the next twenty-four hours In nineteen 
instances, an electrocardiogram was taken just before administration and 
approximately every hour thereafter for thiee, four, or five hours 
Another curve was made on the morning following rectal therapy The 
electrocardiograms served to check the bedside observations of rate In 
addition, they furnished graphic recoids of alterations m rhythm, when 
these occurred, and of changes in the form of the T-waves, which are 
often chaiacteristically alteied by administration of digitalis ® 

PREPARATION EMPLOYED AND TECHNIC OF ADMINISTRATION 

The pieparation employed was an aqueous solution of purified extract 
of digitalis leaves called “digitan ” One cubic centimeter of the liquid 
contained the equnalent of 0 1 gm of powdered leaf Biologic assay was 
made by the half hour fiog method The solution was put up in sealed 
glass ampuls, and was sterilized m them by autoclaving Tests of biologic 
activity made after one year showed no deterioration Clinically, there 
was no evidence of loss of therapeutic potency aftei the ampuls had 
been kept for this length of time 

Early m the course of the work, a tincture of digitalis was used The 
alcohol was occasionally found to be irritating to the rectal mucosa unless 
the dose to be given was diluted to such volume that the enema, because 
of its bulk, was often expelled No such difficulties were encountered 
with the use of the aqueous preparation The digitalis tincture, properl}- 
diluted, may be employed for rectal use 

With one exception, the entire dose of digitalis was given at one 
time The patient received a preliminary cleansing enema After 
evacuation, from 8 to 20 c c of digitan was given by rectal tube and 
washed through with 25 c c of tap water A rectal tube of small caliber 
was inserted to a depth of about 6 inches (15 cm ) from the anal orifice 
The funnel into which the digitalis was poured was held about 15 inches 
(37 5 cm ) above the level of the anus After the tap water had been 
allowed to flow in, the tube was clamped, left m situ for fifteen minutes 
and then slowly withdrawn The patients were carefully instructed to 
resist any desiie for a bowel movement for at least six hours 

5 Cohn, A E , Fraser, F R, and Jamieson, R A Influence of Digitalis 
on the T-Wave of the Human Electrocardiogram, J Exper Med 21 593, 1915 
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RESULTS 


Rate of Absoi phou — Retardation in ventricular rate occuried in 
every instance following digitalis administi ation (Table 2) As was 
to be expected, there was commonly coincident diminution in the pulse 
deficit The average time necessary for an unmistakable initial effect 
on rate was two hours and thirty-five minutes “ The interval ranged 
from one hour and fifteen minutes to seven houis and forty minutes 
The average time which elapsed before a maximal effect on rate was 
apparent was nine hours and thirty minutes This time ranged from 
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Fig 2 (Case 2) — Electrocardiograms showing auricular fibrillation The 
\entricular rate, January 10, at 10 10 a m, was 158, 1 p m, 154, 2 p m, 80, 
January 11, 11 15 a m , 70 A change in the form of the T-waves is first 
apparent in the record made at 2 p m, and is more pronounced in the curves 
taken on the day following rectal therapy 


three hours and fifteen minutes to twenty-two hours (Table 1) It is 
unnecessary to entei into the clinical details which made inevitable such 
variations in the time necessary to accomplish the effects observed 
Dosage, the degree of decompensation, and the state of the myocardium 
undoubtedly were cardinal factors which affected the issue There wei e 
probably also individual variations in the rate of absorption 

6 By an unmistakable effect on rate, the beginning of a progressive retarda- 
tion is meant This initial fall in rate ranged from 10 to 74 beats, but was, for 
the most part, from 15 to 30 beats a minute 



LEVY— RECTAL DIGITALIS THERAPY 


747 


A characteristic change in the T-wave of the electrocardiogram 
occurred in fourteen of the nineteen observations In five cases, 
although the rate v as slowed, no T-wave change v as obsen ed The 
initial eftect was seen, on an average, in t^^o hours and thirty minutes 
approximately the time necessar}* for a beginning fall in rate This 
period A aned in length from one hour and twent} minutes to five hours 
and fifteen minutes (Table 1) Usually, a greater cliange m the T-uave 
u as seen m the curves made on the morning following digitalis adminis- 
tration (Figs 1 and 2) 

It IS of interest to compare the rapidity of digitalis action iihen the 
drug IS administered in large single doses by mouth, with that obserA ed 
A\hen it is given by rectum Robinson" stud} mg the eftect of massne 
oral doses of the tincture (from 15 to 25 c c ) on the heart rate in cases 
of auricular fibrillation, obsen^ed an initial eftect in from tAA'o to fiA'e 
hours, a maximal eftect in from six to twenty-six hours Eggleston and 


Table 1 — Summary of Tzocuty-Stv Observations on Twenty Patients 



Time for 

Time for 

Time for 


Initial Effect 

Maximal Effect 

Initial Effect 


on Rate 

on Rate 

on T Wave* 

Avenge 

2 hours, 35 minutes 

9 hours, SO minutes 

2 hours, SO minutes 

Range 

1 hour, 15 minutes to 

3 hours, 15 minutes to 

1 hour, 20 minutes to 


7 hours, 40 minutes 

22 hours 

5 hours, 15 minutes 


* The T-Wave effect was studied m nineteen instances onlv In five instances, no change 
was ohseired, although an effect on rate ■was appirent 


^^'}ckoft® found significant differences in the rate of absorption of 
purified and official tinctures After the oral administration of large 
doses of purified tincture, calculated by Eggleston s body Aveight method, 
definite eAudences of action on the heart AAere noted in from one 
to three hours (aA-erage one hour and fifteen minutes) Full tlierapeutic 
efiects AAere seen in from four to tAAent3-four hours (aA'erage, fifteen 
hours and forty-fiA-e minutes) The official tinctures Avere sloAAer m 
their action Cohn and LeAy.® after gwing poAA dered leaA^es in the form 
of j\Ierck s digitan in cases of auricular fibrillation, obsen'ed an initial 
effect on rate in from one to eleAen hours (aA-erage, three hours and 
fifteen minutes), and a maximum effect m from one to eighteen hours 
(aA-erage, nine hours) The T-AAUAe of the electrocardiograms, which 
AAas altered in 90 per cent of the cases shoAved a beginning change m 

7 Robinson G C RapidiU and Persistence of Action of Digitalis on 
Hearts Shoving Auricular Fibrillation Am J M Sc 159 121 (Jan) 1920 

8 Eggleston C, and WAckoff, T Absorption of Digitalis in Alan, Arch 
Int Aled 30 133 (Aug) 1922 

9 Cohn, A E and Le\-A, R L Unpublished data A preliminarj 
account of this work appeared in the Proceedings of the Societj for Experi- 
mental Biologi and Aledicine 17 81, 1920 
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from seven to forty-eight hours f average, twenty-four hours) It is 
therefore apparent that the lapse of time necessary for the occurrence 
of initial and maximal effects on the heart rate in patients with auricular 
fibrillation, when digitalis is given by mouth, closely approximates that 
required for the occurrence of similar effects when the drug is given 
by rectum The T-wave of the electrocardiogram appears to be affected 
earlier when the drug is given by rectum 

No observations on the duration of effect were made The patients 
chosen for study were, for the most part, seriously ill, and it was con- 
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Fig 3 (Case 2) — Clinical chart 


sidered desiiable to continue the administration of digitalis b}' mouth as 
soon as this seemed indicated Furthermore, as will be pointed out, 
rectal therapy is to be regarded as an emergency measure The duration 
of action is therefore not lelevant to the problem 

Chiiical Effects — A desirable therapeutic lesult was apparent in 
every instance The usual digitalis effects were observed In many of 
the patients, the results were dramatically rapid and beneficial , in others, 
although there was manifest improvement, further digitalis dosage, by 
mouth, was necessary to reduce the heart rate to the desired level and 
to overcome the residual circulatory stasis In the early stages of the 
work, relativ’^ely small doses of from 8 to 10 c c were employed Later, 
larger amounts were given It was found that a safe and effective dose 
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for a previously undigitahzed adult is 15 c c , containing the equivalent 
of 1 5 gui of powdered leaves This amount is approximately the same 
as has been found satisfactory in the use of massive doses of digitalis 
gi\en by mouth The same considerations which indicate modification 
of the amount given by mouth serve as indications for varying it when 
given by rectum It is of particular importance, in this connection, to 
take into account any digitalis which may have been gn en to the patient 
before rectal therapy is undertaken 

In two patients, m whom absorption was especially rapid and m 
whom, therefore, a brilliant effect on the circulation was achieved, nausea 
and vomiting following digitalis administration (Cases 1 and 2, Table 2) 
The doses in the two cases were, respectively, 12 and 15 c c Theie weie 
no other evidences of untoward digitalis action m any of the patients 
Three patients were vomiting and two sufteied from severe nausea 
at the time of rectal therapy All were acutely decompensated, and 
medication by mouth would have been difficult or impossible The nausea 
and vomiting promptly disappeared with the subsidence of heart f ailui e 
In two cases, digitalis apparently induced an alteration in rhythm 
In one, a woman of 56, with mitral stenosis, who had received no 
digitalis prior to her admission to the hospital, and in whom the signs 
of heart failure were not conspicuous, normal rhythm followed the 
administration of 14 c c after the lapse of one hour and forty-five 
minutes The duiation of the auricular fibrillation was not known , but 
the patient was at rest in bed in the hospital for twenty-four hours 
before medication was undertaken The lelationship between theiapy 
and change of rhythm seemed reasonably clear 

The second case was that of a girl of 9 who was critically ill with 
rheumatic fever, mitral stenosis and insufficiency and pericarditis with 
effusion She had had no digitalis, but was intensely nauseated The 
heart rate suddenly lose to 166 An electrocardiogiam showed an ectopic 
auricular tachycardia On the following day, as the tachycardia pei- 
sisted, 10 c c of digitan was given by rectum After the lapse of thirteen 
hours and fifty minutes, normal rhythm, with rate of 106, ensued Three 
days later, following an exacerbation of the iheumatic infection and an 
elevation of temperatuie to 104 F, the auricular tachycardia recurred 
In this case, the lelationship between digitalis administration and the 
change in rhythm was probable, but not definitely established 

In ordei to illustrate more clearly the variety of clinical effects 
observed, three cases are herewith briefly cited 

REPORT or CASES 

Case 2 — A man, aged 56, with syphilis, chronic m}ocarditis, and auricular 
fibrillation, had been taking quinidin uninterruptedly for a year, with main- 
tenance of sinus rhj'thm About two weeks prior to admission to the hospital, 
he discontinued the drug, and five days later, he nas aware of a recurrence of 
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fibrillation He attempted to continue at work, but shortness of breath and 
palpitation forced him to seek medical attention He took no medicine of am 
sort before coming to the hospital On admission, the heart rate was from 
150 to 160, with 80 beats coming through to the wrist After twenty-four hours 
in bed, during which the heart rate and pulse deficit remained at about the same 
levels, he was given 12 c c of digitan by rectum Two hours and ten minutes 
later, the heart rate was 80, the pulse deficit but 8 (Figs 2 and 3) The 
maximum effect was apparent seven hours and ten minutes after administration, 
when the heart rate was 72, with no pulse deficit Absorption in this case was 
unusually rapid The curves shown m Figure 1, taken from another patient, 
also show a strikingly rapid effect These two patients were the only ones who 
suffered from nausea and vomiting after rectal digitalis therapy 

Case 10 — K woman, aged 40, with mitral stenosis and insufficiency, aortic 
insufficiency and auricular fibrillation, was admitted to the hospital with 
advanced heart failure She had taken no digitalis for eight days, but was 
badly nauseated The heart rate ranged from 126 to 140, the pulse rate from 
116 to 122 a minute The temperature varied from 101 to 103 F At 1 45 p m 
on the day following admission to the hospital, 12 c c of digitan was given by 
rectum (Fig 4) An initial retardation m rate was apparent in one hour and 
forty-five minutes, and the T-wave first altered its form at about the same time 
There was a gradual, progressive fall in heart rate during the next fifteen hours 
On the following morning at 8 o'clock, the heart rate was 84, with 78 beats felt 
at the wrist The temperature fell to normal coincidently with the subsidence 
of heart failure, and there was no recurrence of fever 

This case furnishes a striking example of a variety of pyrexia asso- 
ciated with cardiac decompensation, which disappears with reestablish- 
ment of an adequate circulation The slower therapeutic effect in this 
patient may have been due, in a measure, to the extreme degree of failure 
which existed at the time digitalis was given 

Case 4 — K boy, aged 14, with subacute rheumatic fever, mitral stenosis and 
insufficiency, aortic insufficiency, auricular fibrillation, and a greatly hyper- 
trophied heart, had been under observation in the hospital for many months 
Although continuously digitalized, there was always some degree of heart 
failure, which necessitated keeping him m bed March 13, the oral administra- 
tion of digitalis was temporarily discontinued At this time, the heart rate 
ranged from 76 to 88, with little or no pulse deficit March 16, the ventricular 
rate began to rise During the next ten days, he was given small amounts of 
digitalis by mouth He complained of pains in the small joints of the hands 

March 28, the temperature was 101 2 F The apex rate was 160, the radial 
rate, 124 The patient was orthopneic and cyanotic, and he complained of pre- 
cordial pain and cough There were rales at both lung bases The liver was 
4 cm below the costal margin There was no edema Digitalis, 0 6 gm , was 
given by mouth 

March 29, the boy appeared to be moribund He was pale, gasping for 
breath and irrational at times The heart rate ranged from 160 to 166 The 
precordial pain, cough and moist rales at the bases of the lungs were more 
marked than on the preceding day He vomited several times after coughing, 
and was unable to retain medicine b}' mouth Intravenous injection of 
strophanthm seined unwise because of the fairly large amounts of digitalis 
which had recently been given At 11 50 a m , 10 c c of digitan was given by 
rectum (Fig 5) By 2 p m (two hours and ten minutes later), the heart rate 
had fallen from 160 to 116, with a corresponding fall in pulse rate At 4 p m, 
the ventricular rate was 110, but by 6 o’clock, it had again risen to 130 At this 
time, however, there was great symptomatic relief At 6 20 p m , 6 c c of 
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digitan was given by rectum There was a gradual retardation of ventricular 
rate during the night, and by 6 o’clock the following morning, the heart rate 
was 86, with no pulse deficit He slept nearly all night The temperature, 
which had been 101 8 F fell to 99 F From this time on, improvement was 
continuous Daily doses of digitalis by mouth were begun May 18, the boy 
began to walk He was discharged from the hospital, July 22 

In this case, rectal digitalis therapy was unquestionably responsible 
for the saving of life 

Digitalis has been gnen, b}- lectum, to twelve patients following 
surgical operation, in whom signs of cardiac weakness were apparent 
Because of vomiting oi on account of operations on the upper gastio- 
intestmal tract, oral medication was impossible In all, a satisfactory 



efiect was evident, as measured by ordinary clinical criteria Accuiate 
graphic control was not employed , nor could the effect on rate be studied, 
as normal (sinus) rhythm was piesent in every instance The studies 
in the cases of fibrillation, however, permit of the assumption, by analogy, 
that the drug was absorbed and that whatever beneficial effects were to 
be anticipated from digitalis under the circumstances, were obtained 

COMMENT 

Abso) phon fiom the Rectum — ^As Cloetta® has pointed out, there 
are a pi loi i reasons for believing that the absorption of digitalis from the 
rectum should be good and its action on the heart relatively rapid It is 
profitable, in this connection, to consider briefly the anatomy and venous 
blood supply of the rectum 
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The rectum is from 12 5 to 15 cm in length It is sacculated, usually 
presenting, when distended, three dilatations, of which the lowest and 
largest, called the ampulla, may measuie 25 cm or more, m circum- 
ference This foims a pouch having a i datively large capacity The 
rectum has a fairly iich venous blood supply, composed of two plexuses, 
one internal, lying in the submucosa, anothei external, lesting upon its 
outei surface The internal plexus opens pai tly, at the anal orifice, into 
the blanches of the infenoi hemorihoidal veins, and partly, by branches 
i\hich tiaveise the muscular coats, into the external plexus The lattei 
has thiee sets of eflfeient veins (1) the inferior hemorihoidals, which 
empty into the internal pudic, and thence, by way of the internal ihac, 
into the inferior vena cava, (2) the middle hemorihoidals, compaia- 
tively large veins, which open into the internal iliac or one of its tribu- 
taiies, and thence into the infeiior vena cava, and (3) the superioi 
hemoiihoidals, which empty b's way of the infeiior mesenteiic, into the 
portal vein 

It IS thus appaient that most of the blood fiom approximately the 
lower two-thirds of the rectum finds its way diiectly into the infeiioi 
vena cava and to the heart, without going thiough the portal system 
and the hvei The intioduction of digitalis into the lowei lectum may, 
theiefoie, reasonably be compared to a slow intiavenous injection It is 
with this idea in mind that rectal therapy has been advocated in cases 
of congestive heart failure, when stasis m the splanchnic vessels and 
swelling of the liver ma)'" render absoiption fioni the upper gastio- 
intestmal tiact relatively slow 

Two consideiations laise the question as to whether this concept is 
valid fiom the standpoint of clinical therapeutics Fust, the lowei 
two thuds of the rectum is only 3 or 4 inches (7 5 or 10 cm ) in length , 
and second, the late of absorption of digitalis when given by lectum, as 
has already been pointed out, appioximates closely that observed when 
the diug IS given by mouth It was therefore deemed important to deter- 
mine from what portion of the lower intestinal tiact absorption takes 
place when fluid is intioduced into the lectum according to the technic 
previously outlined The following simple expeiiments furnished an 
answei to this question 

To foui convalescent ward patients, 20 c c of a 15 per cent solution 
of sodium lodid was given by rectal tube and was washed thiough with 
25 c c of watei , the technic employed being identical with that used in 
administering digitalis Fifteen minutes aftei injection of the lodid, 
and again approximately two, foui and six hours later, roentgenograms 
of the abdomen weie made The lodid solution, which is similar to that 
used in pyelography, casts a shadow clearly visible in the roentgenograms 
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In three of the patients, some of the solution, immediately after it 
had been given, was visible in the rectum, but it was for the most part 
111 the lower sigmoid (Fig 6) In two of these instances, some of the 
lodid could be seen in the descending colon as high up as the splenic 
flexure In the fourth case, all of the lodid was in the sigmoid In three 
cases, all of the shadow had entirely disappeared in from four to six 
hours In the fourth patient, a considerable amount of the solution was 
still present in the sigmoid and upper rectum five hours after it had 
been given It is thus apparent that, given in the manner described, 
lodid solution introduced into the rectum remains for the most part in 



Fig 5 (Case 4) — Clinical chart 


the sigmoid flexure and is absorbed in from four to six hours The 
amount absorbed from the rectum is a small fraction of the amount 
introduced 

lodid solution was next given to two other patients in ordei to cleter- 
mine whether, by employing smaller amounts of fluid and giving moie 
attention to the details of the injection, the liquid could be prevented 
from going beyond the rectum A small caliber tube was inserted for 
a distance of about 2^ inches (6 3 cm ) beyond the sphincter am and 
15 c c of lodid solution was washed through with 15 c c of water, with 
the minimum head of pressure necessary to insure flow Again, although 
some of the fluid was seen m the rectum, most of it had gone into the 
distal loops of the sigmoid As before, absorption was complete in from 
four to five hours 
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These lesults ma} be interpreted as indicating that, e^en with the 
exercise of reasonable care in introducing such an amount of fluid into 
the rectum, most of it finds its way at once into the lo\\er loops of the 
sigmoid and is absoibed fiom this portion of the intestine A lela- 
tivel)^ small amount remains in the upper portion of the rectum and an 
e\en smaller quantit} is absorbed from that pait diamed b} \ems \\hich 
empty directly into the mfeiior vena ca\a It is clear, then that digitalis, 
given by rectum, is taken into the venous circulation for the most pait 
via the mesenteric and portal systems Hence, it is not surprising to 



Fig 6 — Roentgenogram of the lower abdomen twent}-fi\e minutes after 
administration of 20 c c of a 15 per cent solution of sodium lodid bj rectum 
The lodid solution vas washed through the lectal tube with 25 cc of tap water 
The entire 45 cc ■nas retained and is seen m the rectum and lover sigmoid 

find that the rate of its absorption, as measured b} its effects on the 
heart, is quite comparable to that observed when similar doses are gu'^en 
b}’- mouth 

The Place of Rectal Digitalis Therapy in the Ticatmcnt of Hcait 
Failw e — AVheii it is possible to give digitalis b\ mouth, this method of 
admiinsti ation is unquestionably the one of choice Its simphcit}, safet} 
and efficacy recommend it If sufficiently large doses are guen, a 
beginning effect on the heart may be obtained m fiom tuo to five houis, 
a maximal effect in from six to tventy-foui boms Experience justifies 
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the statement that if a failing heart will respond to digitalis at all, it 
will react favorably when the drug is given by mouth, provided a potent, 
absorbable preparation is given in adequate amounts In those rare 
emergencies when immediate cardiac stimulation seems imperative, it 
may be desirable to resort to the intravenous injection of strophanthin 

Rectal digitalis therapy has its field of usefulness, not in supplanting, 
but in supplementing the oral method of administration It is to be 
regarded as an emergency measure, to be used particularly in the 
presence of nausea or vomiting, or after surgical operation, when oral 
medication is not feasible As it has been shown by Hatcher and 
Weiss that nausea and vomiting, as symptoms of digitalis intoxication, 
are reflex effects through the direct action of the drug on the heart and 
are not due to local irritation in the stomach or intestine, similar symp- 
toms may occasionally be anticipated and have, indeed, been observed 
after rectal administration The dose of digitalis when given by rectum 
has been found to be comparable to that employed when a large, single 
dose IS administered by mouth 

SUMMARY 

1 Digitalis was administered by rectum twenty-six times to nineteen 
patients with auricular fibrillation and to one patient with ectopic auri- 
cular tachycardia It has also been given in twelve surgical cases follow- 
ing operation 

2 The preparation employed was an aqueous solution of a purified 
extract of digitalis leaves One cubic centimeter contained the equi- 
valent of 0 1 gm of powdered leaf 

3 The amounts given ranged from 8 to 20 c c With one exception, 
the total dose was administered at one time 

4 The average time necessary for an unmistakable initial effect on 
rate was two hours and thirty-five minutes The average time which 
elapsed before a maximal effect on rate was apparent was nine hours 
and thirty minutes A characteristic change in the T-wave of the elec- 
trocardiogram occurred in fourteen of nineteen observations The initial 
effect was seen, on an average, m two hours and thirty minutes 

5 A desirable therapeutic effect was apparent in every instance In 
many of the patients, the results were dramatically rapid and beneficial 

6 Employing a solution of sodium lodid, which casts a shadow m a 
roentgenogram, it has been shown that fluid introduced into the rectum 
finds its way, for the most part, into the distal loops of the sigmoid and 
IS absorbed from this portion of the intestine A small proportion is 

10 Hatcher, R A , and Weiss, S Seat of the Emetic Action of the Digitalis 
Bodies, Arch Int Med 29 690 (May) 1922 
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absorbed from the lower rectum Most of the digitalis given by rectum 
reaches the heart via the mesenteric and portal veins and not by way of 
the inferior vena cava 

7 Rectal digitalis therapy is intended to supplement, not supplant, 
the oral method of administration It is useful in the presence of nausea 
and vomiting, or after surgical operation, when oral medication is not 
feasible The dose is comparable to that employed when a large single 
dose IS given by mouth 



DIFFERENTIAL IMPROVEMENTS IN THE SYMPTOMS 
OF TOXIC GOITER DURING ROENTGEN-RAY 
TREATMENT AND REST 

MARGARETE M KUNDE, PhD 

CHICAGO 

The value of the basal metabolic rate as an index of the degree of 
toxicity m goiter has been fully discussed by Du Bois/ Means/ 
McCasky/ Boothby ^ and others The influence of roentgen-ray treat- 
ment on the symptoms of toxic goiter appears to be variable Halsted ® 
(1914) states that selected cases of exophthalmic goiter show improve- 
ment after treating the thymus gland with roentgen ray Seymour® 
(1916) briefly reports the effect of loentgen-ray treatment in eighty 
cases of exophthalmic goiter All but seven of these patients showed 
marked improvement Seymour concludes that the pulse rate is nearly 
always reduced at once, and that an increase in the body weight, 
improvement m nervous symptoms and tremors and a change in the 
size and condition of the thyroid gland occur almost immediately 
Means and Aub^ (1919) leport on a group of fifteen cases of exoph- 
thalmic goiter treated with roentgen ray in which the patients received 
treatments in varying amounts over a period of from two to three years 
This group as a whole showed progressive improvement as measured in 
terms of the basal metabolic rate The average metabolism of the group 
before the treatment was 63 per cent plus From two to three years 
after the treatment, it had been reduced to 13 per cent plus, and all 
of the patients were leading normal lives These authors conclude that, 
in the majority of cases, the results after from two to three years are 
as good with roentgen ray as with surgery, and that after surgery, the 
metabolism shows a rapid preliminary fall and a secondary rise followed 
by a final fall, and that, with roentgen-ray treatment, there is a pro- 
gressive fall Also that the rest factor is not so important with the 
roentgen-ray treatment, and there are practically no fatalities The 

*From the Hull Physiological Laboratory of the University of Chicago 

1 Du Bois, E F Clinical Calorimetry, Arch Int Med 17 91S (June) 1916 

2 Means, J H , and Aub, J C Basal Metabolism in Exophthalmic Goiter, 
Arch Int Med 24 645 (Dec ) 1919 

3 McCasky, G W Basal Metabolism Determinations in General Internal 
Diagnosis, J A M A 74 927 (April 3) 1920 

4 Boothby, W M Basal Metabolic Rate m Hyperthyroidism, JAMA 
77 252 (July 23) 1921 

5 Halsted Harvey lectures, 1913-1914, p 224 

6 Seymour, M Boston M &. S 175 568 (Oct 19) 1916 
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patients treated suigically get along bettei and the risk of operation is 
less if they have previously had the thyroid and thymus glands 
irradiated 

In a latei publication (1923), Means and Holmes " review the histoiy 
of the use of roentgen-ray treatment in exophthalmic goiter, and report 
on fifty-eight new cases treated with roentgen-ray These authors also 
discuss the method of treatment and the difficulty m accurately measur- 
ing the dosage Forty-four of the fifty-eight new cases were exoph- 
thalmic goiter Of these patients, sixteen showed little or no improve- 



Fig 1 — Changes in body weight, pulse rate and basal metabolism from June 
5, 1921, to Dec 11, 1923 A, body weight in kilograms, B, pulse rate per 
minute, C, number of calories of heat produced every twenty-four hours Dis- 
continuation of roentgen-ray treatment is indicated by a star 

ment, twelve were cured and sixteen showed some improvement No 
patient was made worse by the treatment Fourteen of the new cases 
weie toxic adenomas All of these patients showed improvement and 
five were completely cured In the toxic adenoma cases, the drop in the 
pulse rate and basal metabolism, and the gam in body weight were more 
gradual as the result of the roentgen-ray tieatment than m the exoph- 

7 Means, J H, and Holmes, G W Roentgen-Ray Treatment of Toxic 
Goiter, Arch Int Med 31 303 (March) 1923 
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thalmic goitei cases The authors also state that nine of the cases 
reported in the 1919 senes were still under observation Six of these 
patients have normal metabolic rates from five to six years after their 
first treatment Another shows an elevation of 6 per cent Means 
concludes that the beneficial effects of roentgen rays should be obvious 
during the first four or five months of treatment and that it seems that 
the roentgen ray is a useful therapeutic agent m the tieatment of toxic 
goiter 

The case here repoited is unique in that the patient’s basal metabo- 
lism was watched more closely during the period over which roentgen- 
lay treatments were given than any case pieviously leported The basal 
metabolism of the patient was determined indirectly by means of the 
Benedict portable respiratory apparatus The graphic method was used 
to determine the amount of oxygen consumed The determinations were 




Left anterior, right posterior 


made between 7 and 8 in the morning A normal individual of the same 
age, weight, height and sex should have produced 1,665 calories of heat 
every twenty-four houis ® May 21, 1922, the patient ate no food until 
noon, so that two metabolism determinations were made one at 7 00 
a m , the other just before noon The test made just before noon was 
7 per cent higher than the test made at 7 00 a m 


Table 1 — Roentgen-Ray Treatment of Patient C C C ^ 


Date 

Region 

MaM 

11/29/21 

1-3-5 

27 

12/ 1/21 

2-4-0 

27 

12/20/21 

1-3-5 

27 

12/22/21 

2-4-0 

27 

1/10/22 

1 

30 


3-5 

27 

1/12/22 

2 

30 


4-6 

27 

1/31/22 

1 

30 


3-5 

27 

2/ 2/22 

2 

30 

4-6 

27 

2/21/22 

1-2 

30 


Date 

Region 

MaM 

5/12/22 

1-2 

SO 

5/12/22 

1-2 

30 

5/ 9/22 

1-2 

30 

6/12/22 

1-2 

30 

6/28/22 

1-2 

30 

7/14/22 

1-2 

30 

8/ 1/22 

1-2 

30 

8/22/22 

1-2 

SO 

10/25/22 

1-2 

42 

11/ 8/22 

1-2 

30 

11/22/22 

1-2 

36 

12/ 9/22 

1-2 

36 


* O O O was the patient of J 1/ MiUer, M D The roentgen ray treatments were given 
by H E Potter, MB, to whom I am indebted for the data In all the roentgen ray 
treatments, the filter was S mm of aluminum and 1 thiehness of sole leather, the distance, 
10", spark gap, 8 


8 Hams and Benedict A Biometric Study of Basal Metabolism in Man, 
Washington, Carnegie Institution of Washington, 1919 
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From the tables it can be seen that the highest metabolism occurred, 
Ma} 19, 1922 At that time the rate n'as 48 per cent aboi e the normal 
Under roentgen-ray treatment and rest, the rate was reduced so that on 
August 4. It was only 18 6 per cent abo^e the normal From Aug 15, 
1922 to June 8, 1923, tliere was a stead} increase m the basal metabolism 
despite tlie fact tliat during this time much roentgen-ray treatment was 
given, as can be seen from Table 1 The effect of the roentgen ray 
on the metabolism seemed stimulating rather than depressing The rate 
reached a level of 28 per cent above tlie normal, but the body v eight 
increased, tlie pulse rate decreased, and there was a marked improve- 
ment in the exophthalmus and other ners'ous s}Tnptoms From June 8, 


Table 2 — Mctabohsm, Body Waght and Pulse Rate 



Calories of Heat 

Weight, 

Calories of Heat 


Weight, 

Date 

6/ 5/21 

per 24 Hrs 
2,325 

PuUe 

Kg 

D rte per 24 Hrs 

3/25/23 2,170 

Pulse 

SO 

Kg 

69 0 

5/ 9'22 

2 324 

96 

6S0 

3/26/23 2,139 

SO 

690 

5/10 '22 

2 302 

104 


4/ 4/23 2,11S 

S6 

71 0 

5/11/22 

2,340 

104 


4/22/23 2,1S4 

S4 

72 2 

502/22 

2,307 

105 


5/26 23 2,1S0 

S4 

73 0 

5/14/22 

2,376 

105 

664 

6/ S/2S 1,969 

SS 

74 0 

505 22 

2 310 

104 


7/19/23 1,920 

76 

74 2 

506/22 

2 355 

105 

662 

9/11/23 2,040 

S4 

710 

5 or/22 

ojOQ 

100 


9/12/23 1,974 

S4 

70 9 

5/lS'22 

2,293 

96 


9/13/23 1,9S0 

SS 

71 5 

5/19/22 

2,462 

100 

65 S 

9'14/23 2,057 

SO 

72 0 

5/20/22 

2 337 

02 


0/15/23 1 967 

S6 

72 0 

5^21/22 

2,265 

96 


9/16'23 1,970 

S4 

71 S 

5/23/22 

2,403 

104 

650 

9/17/23 1,935 

SO 

72 2 

5/26/22 

2,42S 

105 


9/1S/23 1 953 

so 

712 

6' 6/22 

2,206 

ICO 


9/19/23 2 094 

S4 

71 2 

r/24/22 

2,159 

9S 

65 6 

9/20 23 1,954 

84 

71 5 

S/ 4/22 

1,924 

ss 

664 

11/24/23 2,112 

SO 

73 0 

S/ 9 '22 

19S1 

S4 

666 

12/ 3/23 2,015 

SO 

735 

S/11.22 

1.933 

S4 


12/ 4/23 2,121 

S4 

73 5 

S 05/22 

2110 

S4 

67 2 

12/ 5 '23 2 173 

S4 

736 

S/23/22 

2,07S 

^2 


12/ 7/23 2,093 

SS 

►•rt »- 

fO 1 

S 30/22 

2,033 

S4 

67 6 

12/ S/23 2,052 

S2 

73 6 

10/22/22 

2 012 

SS 

6S7 

12/ 9/23 2 046 

SO 

73 6 

1/14 23 

2,156 

S4 

69 0 

12/10/23 2,073 

SO 

*tZ o 

3/ 5/23 

2,223 

S4 


12 11/23 2,065 

S4 

73 3 

to July 

19, 1923, 

tliere 

IS again 

a depression, resulting in 

a basal 


metabolic rate vliicli averaged only 12 per cent above the normal No 


more tests were made until September 11 At tins time, there was a 
slight increase m basal metabolic rate, witli a loss of 5 pounds (2 2 kg ) 
m body weight From September 11, to December 11 the metabolism 
again increased so tliat it stood 21 per cent abo\e the normal, but the 
S}Tnptoms of toxic goiter have all practically disappeared 

These improvements may not be due to tlie roentgen-ray treatments 
alone since the patient had been at complete rest for more than nine 
montlis before any of the symptoms of toxicity began to subside Spon- 
taneous remissions equally, or even more, marked have been reported 
to occur in exophthalmic goiter v hen the patients were merel} on a rest 
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treatment and that not neaily so complete oi prolonged as m this case® 
The therapeutic value of roentgen-ray treatment in toxic goiter cannot 
be estimated until more is known in regard to the cause of the symptom 
complex m this disease Too much emphasis, no doubt, has been placed 
on the increased basal metabolism which usually is found in this disease 
The basal metabolic rate does not always run parallel with the symptoms 
of toxicity In this case, the low metabolism occurred between July 24 
and August 11, 1922 After that, excepting for a short period in the 
summer of 1923 (June 8 to July 19), there has been a constant average 
increase of 13 per cent The marked amelioration in the eye symptoms, 
tremors, tachycardia and body weight has occurred since August 11, 
1922, in spite of this increase in metabolism Repeated irradiation since 
August 11 has not resulted in a further reduction of the metabolic rate 
01 an ability to maintain it at the lowest level in the course of the 
treatment 

The most interesting phase of this closely studied case of toxic goitei 
IS the fact that, during the last year, the goiter has been reduced m size , 
the body weight has increased 15 pounds (6 8 kg), and the tiemors, 
tachycardia and exophthalmos have been markedly reduced in spite of 
the fact that the basal metabolic rate has actually increased, so that at 
the end of the observations it was 21 per cent plus The patient is 
clinically much improved, despite the high basal metabolism In this 
case, the symptoms of toxicity do not run parallel with the basal 
metabolic rate 


9 Kessel, Leo , Hyman, H T , and Lande, Herman A Study of Fifty 
Consecutive Cases of Exophthalmic Goiter, Arch Int Med 31 433 (March) 
1923 
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Disturbance of the particles of any elastic body may lesult in the 
production of sound waves The pitch of the sound will depend chiefly 
on the elasticity of the body and on its mass When the body consists 
of a volume of air confined within elastic walls and undei the pressure 
of the atmosphere, its elasticity may be considered to be constant In 
this case the pitch of its proper, or fundamental tone is determined by 
the volume of the contained air if one of the dimensions of the cavity 
does not gieatly exceed the others In tubes, the diametei remaining 
unchanged, the pitch of the fundamental tone is determined chiefly by 
the length of the tube, the longer the tube, the lower the pitch 

The resonator of the physicist is an apparatus used foi the analysis 
of sounds into their component tones The ideally perfect resonator 
answers only when a tone of a single definite pitch is sounded before it, 
the pitch being that of the fundamental tone of the volume of air con- 
tained within the resonator But practically all resonatois especially, 
according to Giesswein,^ soft-walled resonators, respond to tones other 
than their fundamental tone If response is strong to tones nearly of 
the pitch of then fundamental tone, there is said to be a zone of 
resonance AVhen an air space, or other sounding body, vibiates with 
the production of its proper tone the vibrations are called free vibrations 
Vibrations induced m a resonator which are not of the frequency of 
the fundamental tone are said to be forced on it Forced vibrations are 
of much impoitance in musical instruments A flat and thin piece of 
wood, or a stretched membiane, has vibrations of its own proper peri- 
odicity, but these are not obtrusive and the sti ucture is so vibratile that 
It lesponds readily to tones of widely varying pitch The sound of a 
tuning-fork, for example, is reinforced when the fork is set on a flat- 
topped, wooden table The leinforcement is greater when the sounding 
surface overlies an air space The combination is then called a resonance 
chamber The sounding board of the piano with the air within the case 
IS a resonance chamber 

The violin is a still more conspicuous illustration of a resonance 
chamber, in which tones of a wide range are imparted to the air within 
the body The greatest pains are taken by the maker to obtain the most 

1 Giesswein Ueber Brustresonanz, Verhandl d Gesell deutsch Hals-, 
Nasen-u Ohrenarzte, 1921, p 87 
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vibratile wood, and a form of instrument has been evolved empirically 
which IS not only capable of producing strong and rich tones, but also of 
responding well to tones of widely varying pitch It is manifestly 
necessary that the violin shall not act as a resonator, that is, that it shall 
not especially reinforce the fundamental tone of its cavity The 
/-shaped slits m the upper surface and the hollows in the sides are said 
to have for their purpose the prevention of resonator action The tones 
of the strings are, then, forced on the violin body, the extraordinarily 
sensitive wood of which controls the vibrations of the air within, so 
that the fundamental tone with its free vibrations does not differ notice- 
ably m strength from the forced vibrations of other tones 

But, even m stringed instruments, the volume of the air space cannot 
be left altogether out of consideration for it governs the range of the 
vibrations that can be forced on it So we find that the violin, viola, 
violoncello and bass viol, while they are all instruments of a wide range 
of tones, differ in the size of their air volumes, as well as in the length 
of their strings , high-pitched tones are more easily forced on a relatively 
small volume of air, very low-pitched tones can only be forced on larger 
volumes 

Tones may be forced on a resonator m two ways First, a tone not 
of its proper frequency may be forced on a resonator to supplant 
altogether its fundamental tone An example of this may be found m 
the reed pipe of the organ In this kind of a pipe the generator of the 
resonator action of the pipe is the vibrations of an elastic tongue of 
metal, called the reed Such vibrations of a definite frequency and 
furnished abundant energy by a strong blast of air, influencing, as they 
do, the air within the pipe to move to-and-fro in a regular way, may 
succeed in causing the resonator to sound with a tone not of its proper 
rate of vibration Practically, this amounts to causing the pipe to be out 
of tune The tuner is therefore obliged to tune the reed pipe at the 
reed as well as at the pipe, whereas, m the case of the flue pipe he needs 
only to regulate the tone of the pipe 

The second way m which vibrations are forced on a resonator is to 
cause It to sound to tones not of its proper frequency, in addition to its 
normal response to its fundamental tone The resonator has then a 
zone of resonance Natural resonators are usually of an improper shape, 
so that their walls and air volume cannot vibrate fully and entirely even 
at their normal rate In cavities, like that of the packing box, in which 
one diameter exceeds the others to a certain extent as a rule, the long 
diameter is of importance in determining the pitch of the tone We may 
readily see that if the cavity of the resonator is irregular there may be 
several diameters so nearly of the length of the principal diameter that 
tones corresponding to them may be heard when mixed vibrations gen- 
erate sound This will be particularly true when the generator submits 
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a noise for resonatoi action When a resonator has a zone of resonance 
under such circumstances, such of the tones of its response as are not of 
the pitch of its fundamental tone may be said to be foiced on it, the 
important distinction from the first class of forced tones is that the 
fundamental tone is not affected m pitch by them 

In general, volumes of air confined within elastic walls react most 
strongly to imparted vibiations by their free vibrations Vibiations of 
other periodicities may be foiced on a volume of air but only to any 
considerable extent when they approximate the noimal rate of vibration 
of the cavity, unless the walls are specially constructed to be sensitive to 
a wide range of sound and the cavity they enclose is shaped accordingly 

A wooden box, covered, or placed bottom up, when struck emits a 
noise that is a combination of a variety of individual tones Predomi- 
nating among the tones of the noise we hear one of relatively low pitch, 
as compared with the other tones, which is the fundamental tone of the 
volume of air confined within the box Given a series of empty wooden 
boxes of the same general construction, but varying in size, a blind man 
with a hammer could determine the lelative size of each box because 
the law of response by the fundamental tone is immutable, and the pitch 
of this tone under the assumed conditions will vary with the size of 
the box 

The determination of the mode of production of the fundamental 
tone of the stiuck wooden box, of the percussed thorax and of the flue 
pipe of the organ is complicated by the fact that in the cases of the box 
and of the thorax a concussion is imparted to the contained air, and that 
m the case of the flue organ pipe a blast of air produces vibrations of 
the lip of the tube In these three cases the air volumes do not, properly 
speaking, function as resonators because the vibrations which excite 
their proper response simply furnish energ}’- which enables the air to 
originate its own proper vibrations , in other words, the air is not neces- 
sarily excited by communicated vibrations of its own periodicity 

The behavior of the wooden box as a resonator when exated by 
musical tones may be tested by a simple experiment Holding a hand 
saw by the handle m a vertical position, strike the center of the blade 
with a piece of metal A sound is produced which is evidently composed 
of a number of tones of a metallic quality Lower the saw so that one 
corner of the lower end of the blade rests on an empty wooden box and 
exercise sufficient downward pressure so that the blade bends slightly 
and strike it again The sound is now of shorter duration, but one of 
the tones becomes louder and has a “wooden” quality Repeat this 
with several boxes and the same result will be obtained, but the pitch 
of the reinforced tone will vary with the size of the box, boxes smaller 
than the one first used having higher-pitched, larger boxes lower-pitched 
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tones Here a bent sawblade, percussed lightly in a direction perpen- 
dicular to its long diameter, can hardly be said to communicate a gross 
concussion to the box 

When the vibiating saw comes in contact with the box cover the 
sound waves of the blade, if they do not happen to coincide m period- 
icity with the free vibrations of the air volume of the box, are forced to 
a greater or less degree on it This air volume, being now conjoined 
with a different vibrating system, is forced to vibrate at a rate which is 
not that of its normal vibiation, the two systems leacting on one another 
and a tone resulting therefrom which might be called a compiomise 
between the normal vibrations of each, but the pitch of the resonator 
tone IS usually less affected than that of the tone of the generator 

Now, if a single tone had been forced on the boxes, the result would 
probably be a loud response fiom one box, less strong responses from 
larger and smallei boxes of neatly the same size and a feeble response 
from boxes diffeiing considerably in size In this case the forcing of 
tones on the box would be analogous to the forcing of the tones of 
phonation on the human thorax For, in the case of the latter a musical 
tone can only be forced effectively on it when the frequency of the tone 
is the same, or nearly the same, as that of the fundamental tone of 
the thorax 

But in the experiment described, instead of a single tone, we have 
a complex of many tones of varying pitch The responses of the dif- 
ferent boxes, within limits, seems to be about the same, as respects loud- 
ness, but the pitch of the predominant tone varies with the size of the 
box We must therefore suppose that the individual boxes select dif- 
ferent tones for resonation, that, in other words, the reinforcement by 
each box is that of a tone which lies within the zone of resonance of 
that particular resonator We may say therefore that the volume of air 
of the box governs to a very considerable extent even in the case of well 
marked musical tones, as it does in the case of communicated con- 
cussions There is an obvious analogy here with the resonation of the 
thorax which produces the vesicular murmur, as we know it, except that 
the fact that the vesicular murmur is of the same pitch as that of the 
percussion note encouiages the belief that the larynx, as a generatoi, 
does not force the tone on the larynx, but submits vibrations to it which 
are of its own proper peiiodicity, so that the response is made by its 
free vibrations But in addition to the fundamental tone, since vesicular 
breathing is a noise, other relatively weak tones which he within the 
zone of resonance of the thorax must also be forced on it, so that 
vesicular breathing furnishes an example of forced vibrations of the 
second class 
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The wooden box so much resembles the thorax, as an acoustic 
apparatus, that Martini = uses the former in his studies of the pioblems 
of thoracic sound The laws set forth with legaid to boxes may theie- 
fore properly be applied to the thorax The thorax resonatoi , however, 
piesents some peculiarities which should be noted The air cavity of the 
thorax, like a cushion stuffed with horsehair, is multilocular , solid sub- 
stances break up the continuity of the volume of the air without, how- 
ever, pi eventing it from vibrating as a unit The normal thorax differs 
from all other lesonators m two respects First, the solid parts of its 
contents are largely under a certain definite tension , secondly, it is what 
might be called a compound resonator There is the resonator of which 
the contents, broadly speaking, are represented by the total volume of 
the air cells, and within this resonator is situated a system of air tubes 
which IS also a resonator but one of a smaller volume, the fundamental 
tone of which is necessarily of a higher pitch The propel contents of 
the laiger resonator, having a deep toned fundamental tone, are not 
adapted to vibrate with the frequency of the air within the bronchial 
tree So far, therefore, as vibrations which escape from the bronchi are 
not of the periodicity of the tone of the larger lesonator they are more 
or less completely damped by the air cells We may say, then, that in 
the thorax we have a large resonator m which is contained a small 
resonator surrounded by insulating material The insulation varies in 
thickness and, conformably to that fact, we find that bronchial sounds 
which are almost entirely excluded in some parts of the lungs, in other 
parts are forced to a gi eater or less extent on the air cells and so are 
transmitted to our ears The note of percussion is noticeably higher 
over the upper thorax where bionchial tubes are thinly covered, than it 
is over the lower thorax wheie the insulating structuies have a greater 
thickness In one part of the air tube system, the trachea, there is no 
insulation and accordingly percussion of this tube gives tympanitic 
lesonance — the fundamental tone of the cavity 

In percussion of the normal thorax the note is composed of quite 
high tones from the impact of the blow on the pleximeter, moderately 
high tones from the vibration of the chest wall and also from the 
lesonance of the bronchial system and the deep tones of thoracic 
resonance The vibratility of the chest wall may be expected to be 
practically the same at all points of its surface which are not covered by 
thick muscles, and its note should therefore be the same If we find 
higher pitched tones over the upper thorax than near the base of the 
lung, we may ascribe the greatei piommence of high pitched tones ovei 
the upper lung, so fai as they do not signify disease, to the normall}’’ 

2 Martini, Paul Studien uber Perkussion und Auskultation, Deutsch Arch 
f khn Med 139 65 (April) 1922 
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better conduction of sound from the bronchi of the latter region Prac- 
tically, in percussion we learn to disregard the pleximeter tones and the 
tones of the wall, as being constants, and to concentrate our attention 
on two classes of sound from the lung, the low pitched chest resonance 
and the group of higher pitched tones 

Martini found the percussion note of the exenterated and inflated 
lung to be of the same pitch as that of the thoracic note before removal 
of the lung The tones of the chest wall are not therefore forced on the 
lung in such a way as to modify its fundamental tone This would not 
be expected if the thorax acts as a resonator, and the fact that they are 
not IS one of the proofs that this is the case But if the walls of a 
lesonator do not control the vibrations of the air volume they must be 
controlled by those vibrations The vibrations of the wall must be the 
same as the vibrations of the cavity, however they may have originated, 
and this is as true of the forced vibrations of concussion as it is of the 
free vibrations that cause the fundamental tone The drumhke chest 
wall can conduct very high pitched tones, but so far as it serves as the 
container of an air volume it is dominated by that volume It can be 
shown by a, simple experiment that high pitched tones are not forced 
on the lung Press a finger firmly against the ear over the auditory 
meatus, and percuss the part of the finger that lies directly over the 
meatus with a finger of the other hand The impact of skin against skin 
produces loud and high pitched sounds These disappear if the finger 
IS in the least removed from actual contact with the ear, thus showing 
that these very high tones have not sufficient energy to survive, as 
sound, the transition to the air When the finger is pressed against the 
chest wall in percussion these tones are lost in the louder and deeper 
tones, but they are nevertheless still present, for Selling^ found that 
resonators answered to the high tones of the pleximeter in finger on 
finger percussion But though the solid acoustic media of the chest 
wall are capable of carrying them around the chest, they are not to be 
heard posteriorly when percussion is made anteriorly, therefore the 
vibrations of these sounds not only originate locally in the disturbance 
of the equilibrium of the skin particles immediately involved, but remain 
localized in the sense that the lung does not vibrate in response as a 
resonator Such vibrations as may be communicated to the lung, if they 
are reinforced by it, receive only a local reinforcement from air cells 
directly implicated in the concussion, not a reinforcement of the air cells 
acting as the content of a resonator, and the lung does not allow the 
chest wall to vibrate in response to them, as the wall of a resonator 
This interpretation is substantiated by the phenomena of com per- 
cussion The familiar coin test in pneumothorax is based on the prin- 


3 Selling Deutsch Arch f khn Med 90 163, 1907 
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ciple that normal lung tissue pre\ents the chest wall from transmitting 
vibrations which the latter is able to transmit when not in contact with 
lung tissue As is well known, if a silver com is laid on the chest and 
percussed with another com of the same metal, m pneumothoiax the 
“silvery” sound is carried through the chest and may be heard distinctly 
over the back when percussion is made anteriorly This test is distinc- 
tive of pneumothorax for the reason that it disappears m the case of the 
normal lung The lower tones of the sound are indeed audible, but the 
veiy high pitched silvery sound is not Now, the success of the experi- 
ment in pneumothorax shows that the failure to transmit the silvery 
sound m health is not to be ascribed to the chest wall It might be 
supposed that since, as shown in pneumothorax, the chest wall can 
transmit the silvery sound, this sound would be carried around the chest 
without passing through the normal lung and should be heard by the 
observer who listens behind, which we know is not the case The 
explanation is furnished by the observations of Jacobson and Daniel- 
opolu,^ who found that when percussion is made over the absolute heart 
dulness, or the liver, and the second obseiver auscultates behind just 
below the level of the normal lung the silvery sound is to be heard 
Here the cohduction is effected through airless organs, the heart and 
liver The observation shows that the thoracic wall is abundantly able 
to transmit the silvery sound m health, so far as its own vibrations are 
concerned, but there wherever it is m contact with the lung it acts as the 
wall of a resonator and cannot therefore vibrate to high pitched tones 
to which its contents are deaf At the same time, the lung tissue which 
is sometimes spoken of as sluggish conducts lower pitched tones so well 
that the slightest sound of percussion can be heard through it with ease 
The lung is a very sensitive resonator for sounds within its range, a fact 
which IS shown m its response to weak tones furnished by the laiynx 
We may think of the relation of the chest wall to the lung m per- 
cussion as follows Heterogeneous vibrations from the blow are com- 
municated from the pleximeter to the chest wall and necessanlj'- disturb 
the equilibrium of the parts struck Rapid vibrations pass readily 
through the wall But the lung is m close contact with it Such vibra- 
tions when they reach the air cells disturb their equilibrium also, but the 
elasticity of the lung tissue does not permit its particles to fly back and 
forth in the tempo indicated They are forced to move but they move 
slowly The rapid vibrations when they meet such an obstacle are 
therefore in part reflected soon after penetration, producing sound 
wa\ es in the localized reflections to a small extent, and thus effecting a 
certain reinforcement of the high pitched tones, but for the most part 
dying out The chest wall vibrates to the sound waves returned from 
the lung, as well as to those which pass through its own tissues without 


4 Jacobson and Danielopolu Munchen Med Wchnschr 59 216, 1912 
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penetrating the lung, but acoustically speaking, it foims practically a 
part of the lung so that when vibrations of the two classes, the autoch- 
thonous vibrations of the chest wall and the sound waves of the lung, 
pass outward in all directions from the point of impact to the other 
portions ol the wall everywhere they encounter the resistance of the 
underlying lung and die out Under the conditions the walls cannot 
institute independent vibrations of the periodicity required for high 
pitched sounds because they are everywhere damped by the lung The 
rapid vibrations have had little effect so far as the lung is concerned, 
except perhaps to furnish some energy by the disturbances which they 
have created Slow vibrations, on -the other hand, are not so well 
adapted to the normal vibratihty of the wall as those which are rapid, 
but nevertheless are transmitted well to the lung, the structure of which 
permits them to pass freely, and, undergoing reflection, they produce 
stationary sound waves which fit from the outset the dimensions of the 
cavity or may be forced to adapt themselves to it The result is a loud 
fundamental tone which we speak of as the reinforcement, or resona- 
tion, of the tone furnished by the resonator What has happened, how- 
ever, IS in reality that the energy of a series, or several series of vibra- 
tions which in the unfavorable acoustic medium of the generator (m 
this case the pleximeter) could not be effectively applied is able when 
the vibrations reach a favorable medium to develop itself to the best 
advantage, so that what is perhaps a small part of the total energy of 
the blow creates a sound which is enormously greater than all of the 
other sounds of percussion 

Martini ® criticises my ® statement that “the sound of percussion, as 
It reaches the lung, contains the (its) fundamental note ” This state- 
ment requires farther amplification in order to be understood A blow 
on the bare chest — immediate percussion — a blow on a noiseless plexi- 
meter of soft rubber (Selling) and blows on various other pleximeters, 
including the finger, laid on the chest differ as to the sounds of impact 
of the blow which are high pitched disharmonic partials of greater or 
less obtrusiveness, according to the nature of the substances that clash 
But all these variations in the manner of exciting the proper vibrations 
of the air volume of the thorax make no difference m the pitch of the 
resulting tone 

A very considerable part of the eneigy of the blow of immediate 
percussion is converted into heat and friction, on account of the soft 
and yielding character of the skin and other soft parts of the chest wall 
A stronger blow is therefore required in immediate than in mediate per- 

5 Martini, P The Mechanism of Production of Breath Sounds, Arch Int 
Med 32 313 (Sept ) 1923 

6 Bushnell, G E The Mode of Production of the So-Called A^esicular 
Murmur of Resniration JAMA 77 2104 (Dec 311 1921 
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cussion to produce the same eftect The function of the pleximeter is to 
compress and fix, in pait also to push apart the soft parts and, usualh 
to furnish a more or less plane or con\ex, surface to receive the blow 
in place of the iieldmg concaMty of the uncoiered intercostal space 
When pressed firmly against the chest vail the proper iibrations of the 
pleximetei aie so damped that they may be disregarded Practical!}, 
the pleximeter has become a pait of the chest vail, Meued as an appa- 
ratus for the transmission of sound and the percussion note as i\e 
heal It, is the fundamental tone of the thorax plus the sound of impact 
For the same reason the hammei, oi the hand, which strikes the chest 
vail directl} is for the moment of contact a pait of the same appaiatus 
Nov ve can interpret this piocess, as Geigel does, and say that all that 
the percussion blow furnishes is energy, the lung answering to the com- 
motion of Its parts m the only ivay in vdiich it can answer eftectneh 
b} Its propel iibrations This is the simplest iva} of coni e} mg the idle 
of the lung in the pioduction of the note of percussion and is sufficient!} 
coirect for all piactical purposes But stiictly speaking, the vibiations 
of the chest vail antedate those of the undei lying lung What are those 
iibiations^ They aie the onl} iibrations possible foi the ivall of a 
resonator, the vibrations proper to the cavity ivhich it bounds There- 
foie, speaking of the effective vibrations and admitting the existence of 
tlie Mbrations peculiar to the mass of the pleximeter, we mav sa} that 
the energy of the blow is con^erted immediatel} m the chest v^all and 
in the pleximeter into the vibrations of the fundamental tone of the 
hemithorax In this sense my statement is behe\ ed to be correct 

Martini’s - experiments show clearly that disparate vibrations cannot 
be forced to any notevoithy extent on such a resonator as a \vooden 
box At the same time, Maitini exaggerates the independence of the 
two s} steins, box wall and box caMty, because the tone that connects 
them, the fundamental tone of the cavit} is not, and from the nature of 
the case cannot be, clearly identified in the ^ ibrations of the v all There 
IS nothing to emphasize Mbiations of this frequenc} among the numei- 
ous other vibiations of the vall (oi plate) when tested alone When 
hove\er, the resonatoi is excited to action by the same vibrations the 
sound va^es of vall and an leact on one another, each strengthening 
the othei , they become one sound vduch the registering appaiatus can- 
not connect with the Avail IMaitini speaks of forcing Mbrations on the 
box vhereas I belieA e the Mbrations which are of importance in physical 
diagnosis are the free Mbiations which call foith the fundamental tone 
The Mbrations forced on the lung fiom the bionchi are not of course 
imitated in IMartim’s experiments 

I haAe ne\er been of the opinion as stated bA ]\Iartmi that the 
Aubrations of tlie bronchial sAStem aie the excitant of the A'esicular mur- 
mur, if by the phrase ]\Iaitini means that the fundamental tone of tlie 
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bronchial system is forced on the thorax to the exclusion of the pioper 
tone of the latter It would be quite improbable that a weak and “almost 
musical” note of considerably higher pitch than that of the thorax 
resonator should act as the excitant of its fundamental tone But, m 
addition to the fundamental tone of the bronchi, a number, perhaps very 
many, of other tones are present, for bronchial breathing is a noise 
Besides their function as a resonator, the air tubes also play a part as 
speaking tubes down which are conducted the various kinds of laryngeal 
sounds No sound waves can pass through an elastic tube without 
imparting vibrations to it, but these, if differing much m pitch from the 
fundamental tone, are of little consequence It, therefore, would not be 
far removed fiom the truth to consider the air tubes of the bronchial 
system, in their i elation to vibrations of the frequency of the funda- 
mental tone of the thorax to act simply as the transmitters of such 
vibrations As in percussion, so also in breathing, the sounds which are 
reinforced to become the vesicular murmur are not forced on the thorax 
but excite its free vibrations It may be pointed out in this connection 
that the fact is recognized that the vesicular murmur may be distin- 
guished in the breath sounds, as heard in tracheal breathing (von 
Muller It IS therefore conducted through tubes, the vibrations of 
which have a very different frequency from that of its own vibiations, 
and there should be nothing in the way of the assumption that vibrations 
of the same frequency reach the lung by passing through the bronchi 
from the larynx 

I am entirely in accord with the opinion of Mai tini that “the bi on- 
chial breathing which is audible over solidified tissue may rightly be 
considered as a correctly propagated specific vibration of the air of the 
bronchial system ” ® Of course moisture in diseased tubes may effect 
changes m the sounds of bronchial breathing in the direction of rough- 
ened breathing and of musical, sonorous and other rales, but m general 
Martini’s statement is undoubtedly correct It is to be hoped that the 
adoption of Martini’s standpoint will do away with the more or less 
absurd theories as to the effect of diseased tissue in modifying locally 
the character of the breath sounds that pass through it 

7 von Muller, F Verhandl d deutsch Kongr f mn Med 28 184, 1911, 
Ztsch f arztl Fortbild 9 417, 1912 

8 Martini criticises with some justice my statement that “in massive con- 
solidations of any kind the deep and medium pitched tones are suppressed ’’ 
I had in mind especially the extreme cases of massive consolidation, m which, 
according to some authorities there is verj' little transmission of sound and 
also the statement of Muller’ (first reference) that in pronounced bron- 
chophony only the highest tones of the voice are audible This author also 
remarks in the same paper that in pure bronchial breathing the deep tones 
of the large and small octaves disappear entirely My remark was therefore 
not without some justification (Martini himself states in his paper in the 
Dcufschcs Archiv that the lower border of resonance in most cases of bronchial 
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Martini attacks Salih’s view that the vocal cords act like the reeds 
of an organ pipe to produce sounds ’ftdiich arouse the resonatoi action of 
the bronchi I agree with Martini in excluding the action of the smallest 
bronchi and bronchioles which Sahli believes to act as resonatoi s But 
air tubes of a sufficient diameter to permit resonation cannot any more 
escape acting as lesonators of tones of a suitable frequency than can 
othei volumes of air enclosed within elastic walls My expeiiments 
show that tiacheal breathing disappears when the larynx is widely 
opened 

Martini’s objection that the vocal cords are too relaxed to be able to 
stimulate the air current to such loud sounds as those of bionchial 
breathing would have weight if m order to functionate as reeds it were 
necessary that the cords should be tense throughout their entire mass, 
as in phonation They aie indeed too lax to pioduce musical tones 
but their relaxation is precisely what favois the production of noises 
Then edges fluttei in the air current because they are not tense, and in 
so doing produce the variety of mcongruent tones which we call a noise 
The sound is produced m a way similar to that of a wet handkei chief 
exposed to a gale of wind, one edge of the cloth being held tense between 
the hands and the opposite edge being free to vibrate The fact that the 
sounds of laryngeal bieathmg do not rise in pitch with increase in force 
of the air current, so long as the position of the cords, their tension and 
the shape of the mouth and lips remain the same, is rightly held by 
Geigel ° to prove that they undergo resonation To this argument 
Martini objects, on the grounds that tracheal breathing resembles, as to 
Its mechanism, what he calls a lip pipe rather than a reed pipe He then 
goes on to set forth the properties, as a musical instrument, of a lip pipe 
It appears from his exposition that the tones of such a pipe aie created 
by blowing against a sharp edge, the pitch of the tones varying directly 
with the rapidity, or pressure, of the air But, he says, these vibrations 
do not control the fundamental tone of the pipe which is determined 
chiefly by the dimensions of the cylmdiic cavity connected with the lip 
or orifice He then goes on to say that the air current is nevertheless 

breathing lies at from 574 to 322 vibrations per second), but it was an error 
to make so sweeping a statement m a condensed presentation of the subject 
The sentence preceding the one quoted by Martini justifies his belief that I 
hold that the tones of bronchial breathing are chiefly resonated in the mouth 
and nasopharynx I am unable to explain my carelessness in the wording 
of that sentence What I really believe, however, is shown in the preceding 
paragraph m which I state that “in bronchial breathing the bronchi are the 
resonators ” Martini assumes that I think that resonance is only produced 
m the bronchi in disease But I say that the bronchi function m the same 
way in normal breathing, and m}"^ later remark that “the conduction, not the 
mode of production, of these sounds is changed m disease” should make 
my meaning clear 

9 Geigel, R Leitfaden der diagnostischen Akustik, Stuttgart, Ferdinand 
Fnke, 1908 
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of influence on the tone because, with moderate piessure there arises 
the fundamental tone, with strong pressure the first oveitone, finall}' 
even the second, etc , are produced, yet, even to cause the first overtone 
(the octave) much greater differences in intensity of air pressure are 
necessary than are evei attained in respiration This behavior of the lip 
pipe, we may remark, is precisely the same in principle as that of the 
reed pipe which with much increased force of the air blast may be made 
to produce the octave of the fundamental tone and other higher over- 
tones The hp pipe, as Martini describes it, is substantially a resonatoi 
And it is a lesonator like the reed pipe and the human air tubes, for in 
all three the fundamental tone of the cavity dominates under ordinary 
conditions The fact that its tones may be changed under high pressure 
is immaterial in this connection What we are solely concerned with are 
the facts relating to weak noises produced by an air current of very 
moderate velocity The chief difference between the standpoints of 
Martini and of myself, then, really is that Martini thinks that the repre- 
sentative of the hp of the hp pipe is to be found in the edges of the 
bronchial bifurcations within the lungs and not at the larynx As I 
have shown experimentally, Maitini is probably right in his supposition 
that edge tones may be produced in the way that he suggests, for in 
“i eciprocating breathing” with closed glottis sounds are heard which 
resemble the vesicular murmur, as to pitch But these are produced 
under positive pressure This discussion will seive to emphasize the 
impoitant point that the claims of the writer, as to the origin of the 
\ esicular murmur apply solely to its production under normal conditions, 
as respects rate of bieathmg and position of the vocal cords I have 
never held that the resonation of the thorax could not be aroused by 
othei excitants than the vibrations of the vocal cords In fact, the chief 
reason why my standpoint is not more readily adopted is thought to be 
the failure of other investigators to realize how easily sounds can be 
produced within the air tract, and how little specific the sound which 
excites the resonation of the thorax needs to be 

It must be that the thorax functionates as a resonator because it 
responds to excitations of various kinds with the same note, a note 
which varies in pitch with the size of the thorax, but is always of the 
same pitch in the individual thoraces, and because the cavity conti ols the 
ribrations of the walls Another proof that the thorax is a lesonatoi is 
after ded by the fact that the musical tones of phonation can only be 
forced on the thorax when they are of nearly the same frequency as that 
of its normal vibrations, they are forced the moie successfully the 
neaiei they approximate that rate This shows that the thorax has a 
zone of resonance for musical tones But the most important proof 
that the thorax functionates as a resonator is its relations to the sounds 
produced by the vocal cords A lesonator, except when struck cannot 
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cieate sound It is dependent on a generatoi for the origination of the 
sound and only responds to ceitam tones by reinfoi cement It follo\\s, 
of course, that if the generator is silent the resonatoi will also be silent 
If then the vocal cords act as a generatoi for the thorax, acting as a 
lesonator, suppression of then vibrations should lesult in the absence of 
thoracic sound On appeal to experiment this is found to be the case 
I was able to abolish not only laryngeal (and tracheal) sounds, but also 
the vesicular murmui and other breath sounds, as heaid ovei the chest, 
by opening the lai ynx wide 

To this argument Maitini opposes negative evidence, he always hears 
bieath sounds ovei the trachea, as well as over the lungs, “when the 
lespnation is lapid enough” Great inciease m lapidity of breathing 
not only makes it moi e difficult to keep the larynx open, but may possibly 
cause sound in a new way Beau states that if the respirations are 
inci eased above foity-five pei minute a sound is produced from the 
movement of an thiough the larynx, though the glottis be wide open 
But of couise one cannot study the vesicular murmur with such a high 
late of lespiiation If Maitini means what might be called only a 
noimal lapidity of lespiration, it might be inquired whether this 
obseiver has practiced coirectly the difficult art of keeping the larynx 
open 7 My method has not been mastered until one has learned to cause 
all laiyngeal sound to disappear from the bieathmg, as controlled by 
self auscultation, the bell of a binauial stethoscope being applied to the 
side of the expei imenter’s larynx When the glottis is wide open my 
expel lence shows that, the lar)mx being silent, the lung is also silent, 
piovided of course that adventitious sounds of mouth or nose aie also 
excluded On the other hand, when the laiynx continues to produce 
sound of any kind, that sound, as modified by the chest resonance, has 
been audible ovei the lung Those obseiveis who have paiticipated m 
the experiment have expected, and I have exacted it of myself that all 
sound shall be absent from the lung, otherwise the experiment has been 
consideied to have failed on the particular trial It may be a question 
whether so thorough elimination of sound is necessary to prove the 
point Laiyngeal sound may peisist and yet the true vesiculai murmur 
may be absent One of the acutest of the observers noted this fact 
When I lemarked, after an experiment had ended, that I had failed 
during a series of lespirations to eliminate all sound, he replied “a 
sound was to be heai d, but it was plainly not the vesicular murmur ” 
It is pi obably true that the elements of the laryngeal noise which are of 
the pitch of the fundamental note, being of the deepest tones of the 
noise, aie best, oi only, produced when the edges of the vocal cords in 
then full length are free to flutter The minimal projection of a part 

10 Beau, J H S Quoted by Bushnell, G E The Discoverer of the 
Alode of Production of Breath Sounds, J A M A 80 895 (March 31) 1923 
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of the vocal coids at the time when the cords are not only under a cer- 
tain tension but are also ver}’- closely appiessed to the sides of the 
larynx might therefore very well fail to peimit vibrations sufficiently 
low pitched to call forth the fundamental tone However, if the above 
IS correct it is difficult to understand why such sounds are audible 
through the lung 

The production of sound in tubes is easily illustiated Remove one 
of the tubes of a binaural stethoscope and blow through it With 
forcible blowing the sound at the free end of the tube is loud But if 
one breathes thiough the tube a sound is produced which is louder when 
the air is sucked in than when it is expelled and, in fact, imitates to a 
singular degree the breath sounds, as heard over the chest, in that the 
sound of inspiration is louder and more prolonged than that of 
expiration 

Martini inqunes “Wheie else should the bronchial breathing 
originate after the elimination of the vocal cords through a smooth tube, 
such as the tracheoscope, if not m the tracheobronchial ramifications^” 
The answer manifestly IS “At the upper end of the tiacheoscope ” And 
the correctness of this reply would not necessarily be affected, even 
though It should be shown that respiration through the free tube does 
not produce audible sound when tested For, when in place in the larynx 
It IS in a resonator, more than that, m a complicated system of lesonators, 
and slight vibrations would be powei fully reinforced So that if 
Martini hears bronchial breathing over the tiachea and the vesicular 
murmur over the chest when the tracheoscope excludes the vocal cords, 
the explanation is that the high pitched tones of the tube sounds are 
resonated in the trachea and the larger bronchi, very likely also, the 
highest of them, in the cavities of the mouth and nasopharynx This 
gives an imitation of bronchial, or tracheal breathing Over the chest 
the higher pitched tones are suppressed and only the lower tones receive 
resonation, this imitates the vesicular murmur In fact, it would be 
correct to say that it reproduces the vesicular murmur For there is 
nothing specific about the series of vibrations m a noise which are of 
the periodicity of the thorax The specificity of the sound of the 
vesicular murmur is due to resonation within the thorax of the tone of 
the proper pitch, not to the sound as originally made It is probable 
that noises pioduced in a great variety of ways contain vibrations of 
the proper peiiodicity for exciting the fundamental tone of the thorax, 
if introduced through an open glottis, or a tracheoscope during the 
respiratory movements 

Beau called attention to the fact that to avoid producing sound in 
blowing through a tube, its internal diameter must be at least equal to 

11 Beau, J H S Traite experimental et clinique d’auscultation, appliquee 
a I’etude des maladies du poumon et du cceur, Pans, 1856 
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that of the trachea, which is, he says, about 2 cm And Baas many years 
ago published his experiments m producing sound by blowing through 
a tube I can only expi ess astonishment that later wi iters have ignored 
the obvious application of these facts to sounds which simulate breath 
sounds when the vocal cords are excluded 

Another source of sound due to escape of air from a small tube to 
a laigei tube or space should be considered m this connection, sounds 
caused by the respiratory current of air, as it emerges from the nostrils, 
or passes through nearly closed lips, as well as those caused by slight 
relaxations of the soft palate In practice, the auscultator is watchful 
to prevent such adventitious sounds They usually mislead by exag- 
gerating the bionchial element of respiratory sound, but there is no 
reason why they might not also act as excitants of the vesicular murmur, 
or its equivalent, when the vocal cords are excluded from action 
Experiments with the tracheoscope and the like are of no value, unless 
the observer takes extreme pains to guard against error from this source 
When the mode of formation of the vesicular murmur is studied, the 
subject should always be required to open the mouth widely and to 
avoid relaxation of the velum palati 

Martini ® has demonstrated the fact that the percussion note of the 
lung, inflated to the physiologic degree, is not dependent on the size of 
the volume of contained air, as is true of the relaxed lung, finding that 
two lungs fitted snugly together m a box give no lower tone than one 
of them alone and that good sized poitions of an inflated lung shut off 
fiom the remaindei of the organ by clamping (but remaining inflated) 
have a note of the same pitch as that of the inflated lung as a whole 
This demonstration of the specific vibratihty of lung tissue is one 
of the most important contributions to the knowledge of the acoustics 
of the lung that have evei been made It explains certain facts m 
percussion of the chest, and in the auscultation of breath sounds which 
were formerly inexplicable At the same time, the discovery does not 
affect the standing of observed facts , the new doctrine must be recon- 
ciled with what IS aheady objectively detei mined It will be necessary 
therefore to consider moie particularly the structure of the thorax and 
its pecuhaiities as a lesonator in the light of Martini’s experiments 
Hitherto it has been assumed, for the sake of brevity, that the 
thoracic cage functionates under the same laws as resonators which are 
filled only with air The fundamental law that confined volumes of air 
under atmospheric pressure will respond to imparted vibrations b}^ free 
vibiations, the periodicity of which is determined chiefly by their 
volumes, undoubtedly applies to the thorax But its structure intro- 
duces special conditions that modify this law Resonators, as a rule, 
have more or less homogeneous and continuous walls which vibiate 
as a whole in harmony with their undivided contents But the con- 
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struction of the thorax tends to prevent the communication to one of 
Its halves of the vibrations of the other half, and to prevent also the 
full and free communication of localized concussions to the whole of 
even one half The construction, m short, may be said to have m view 
chiefly the prevention, so far as possible, of the evil eftects of shock 

Of thoracic structures the ribs are most exposed to the localized 
concussion of blows and falls The bone of the rib is firm, but elastic 
enough to yield to a certain degree The articulations with the spinal 
column and the costal cartilages break the continuity of vibrations 
Such vibrations as are carried through these articulations, already 
damped in front by passing through a heterogeneous sound medium, 
the costal caitilages, encounter the sternum, a combination of bone and 
cartilage, which tends to disperse them and, lower down, the connec- 
tions of the costal arch in part damp the vibrations, m part distribute 
them to adjoining ribs The hoops of this part of the thoracic barrel 
are incomplete, not surrounding the entire circumference Posteriorly, 
the structure of the spine with its disks of cartilage pi events free 
dissemination of vibrations up and down the spinal column , the articu- 
lation of each nb with two vertebrae halves the effect of vibrations 
traveling along individual ribs, with a halving also of vibrations which 
have passed through a vertebra to the ribs of the other side V ibrations 
are also damped by the structuies of the mediastinum, for the most 
part elastic and movable tubes and cavities, and by solid, yet movable 
organs which constitute the base of the thorax The two lungs are, 
moreover, nowhere in actual contact with each other The geneial 
principle of construction is to erect nowhere absolute baruers and to 
permit vibrations to pass everywhere, but, at the same time, to minimize 
their violence by reflecting them in many ways and at many places 
We may say, therefore, that vibrations of the hemithorax are not com- 
municated readily to the other hemithorax and that it is not to be 
expected that the two hemithoraces will vibrate fieely in unison from 
concussion imparted to one of them The lesults of percussion are 
such as are to be expected from the anatomic structure If the undivided 
thorax vibrated as a resonator, the sound of percussion would be heard 
equally well over both of its halves, but we do not dream of listening to 
its note on the other side, and even on the same side the vibrations are 
often not generalized so far as our perceptions aie concerned Prac- 
tically, in peicussion it is the hemithorax, not the thorax as a whole, 
that functionates as a lesonator 

What IS tiue of the whole thorax is true also of its halves, viewed 
as independent acoustic units The anatomic stiucture of the hemi- 
thoiax IS adapted, not to facilitate vibiation of its several portions as a 
whole to communicated concussions, but on the contrary to prevent to a 
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considerable degree shocks impaited to one poition fioin being com- 
municated to othei portions 

The sound of peicussion ovei the antenoi suiface of the hemithoiax 
IS not heard loudest ovei the back on the same hoiizontal level, that is, 
aitei passing thiough the thoiax on the shortest line, but highei up 
and in the same intei costal space Accoiding to Martini,^^ bronchial 
bieathing is propagated faithest fiom its place of gieatest intensity 
along a iib that cuts this place, less upwaid and downward in other 
intercostal spaces These obseivations show that, while the sound of 
the lightest peicussion is to be heaid ovei the entire chest posteiioily, a 
veiy consideiable pait of the vibiations pass to the neaiest iibs and 
by them are conveyed upwaid and backwaid in then cotiise aiound the 
lung The vibiations of concussion of the anteiior thoiax aie theie- 
foie largely conducted away fiom the base of the upper lobe and do 
not reach the lower lobe in then full force at all Posteiioily, a concus- 
sion IS earned downward as well as foiward thiough the predominating 
influence of the ribs and leaches the antenoi lobe, if at all, near its 
base wheie the eneig}’- of the vibrations is dissipated along the costal 
boidei and such vibiations as penetrate the lung aie damped by solid 
organs 

The disposition of the lung lobes tends to the same end They aie 
sepaiate fiom one anothei, except at the roots of the lung and are 
sunotinded by a lubiicated membiane, the aiiangement, like a joint, 
checking the fiee passage of vibiations The uppei lobe is alone impli- 
cated by a blow in front, the lowei lobe, except neai the summit of the 
lung, IS alone implicated by blows fiom the real It may be said, in 
geneial, that the ariangement of the pulmonary lobes is calculated to 
shield, as far as may be, one lobe from full participation in concussions 
impai ted to another lobe 

The percussion stroke, then, tends to be localized in its effects, the 
blow must be heavy to bung out the full thoiacic lesonance, yet the 
tone elicited by a light blow is the fundamental tone of the thoiax 
Martini’s doctime of the specificity of the vibrations of lung tissue 
must be accepted, not only because it is the result of careful experi- 
mentation, but also because it alone can leconcile observed facts 

In discussing this theoiy faither, it will be necessary to consider 
the pioperties of the lung as a vibratile oigan In complete pnetimo- 
thoiax the cavity has a tympanitic note if the an is not under positive 
piesstiie, with model ate piessuie the note is dull tympanitic, with 
highei pressuie the note is dull The pneumothoiax cavity, therefore, 
obeys the geneial law, it lesponds to percussion with its fundamental 

12 Martini, P Sludien nber Perkussion u Auskiiltation, III Auskultation, 
Deiitsch Arch f klin Med 139 257, 1922 
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tone until increased tension prevents the vibration of its walls, the tone 
being of the same, or nearly the same, pitch, so long as it is audible 
at all But the note of the normally expanded lung is nontympanitic , 
the pi edominating tone is still that fundamental for the air volume, but 
of the air volume as modified by the peculiar lung structure The fact 
that the air space is multilocular does not account for this For, if a 
cavity be lightly stuffed with horsehair, shavings, or featheis, so as to 
divide the air space into numeious small air spaces the note of percus- 
sion IS still that of the whole air volume The anatomic structuie of 
the lung does not pi event its air space from vibrating as a whole, because 
the relaxed lung has a tympanitic resonance, and pieces of lung yield 
the same resonance which is the higher in pitch the smaller the piece 
If, however, the exenterated lung is blown up to the physiologic 
degree of tension, the note of percussion is no longer tympanitic, but 
has the same quality of sound as the normally distended lung One 
might draw a parallel between the lung and the pneumothorax cavity, 
and say that m both cases the loss of tympanitic lesonance is due to 
increase in tension which impairs the vibration of the walls of the 
resonator But there is this difference that in the one case the tension 
of the air, and in the other of the solids, of the cavity is increased 
The air of the pneumothorax is under positive tension and, the walls of 
the resonator being relatively firm and unyielding to distension, the note 
quickly changes in the direction of dulness as the pressure rises 
Whereas, in the normally distended lung, from the nature of the case, 
during respiration the air pressure cannot rise above that of the atmos- 
phere When the exenterated lung is inflated so that the air cells are 
distended, and the tension of their walls approaches the normal tension, 
the sonority of the note of percussion is increased, rather than dimin- 
ished, for, a membrane requires to be stretched in order that, as a wall 
of a resonator, it may vibrate to the best advantage, as is seen m the 
case of the drum head If, however, the air piessure is sufficientl) 
increased, the inflated lung becomes dull in the same way as the pneumo- 
thorax which IS under high positive pressure (Martini) 

It may be remarked here that the initial expansion of the lung at 
biith IS effected largely by positive pressure The accoucheur wishes 
the child to cry in order that the lung may be well dilated That is, by 
stiaining against a closed glottis or through tense and slightly open vocal 
cords, the child creates a positive pressure which forces the lung into 
intimate contact with the walls of the thorax, where it is held thereafter 
during life by the pressure of the atmosphere 

According to Maitini, the acoustic properties of lung tissue are 
responsible for the pitch of the percussion note There can be no 
question, however, that the pitch of that note is not determined b} the 
specific properties of lung tissue as such, but that it is controlled by the 
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size of the air ^olunle of the thorax just as inevitably as in the tym- 
panitic resonance of the pneumothorax cavity For the pitch of the 
lung note varies with the size of the lung It is deep m men, high in 
women and higher m childien We must suppose therefore that the 
pitch of the lung and of the larger subdivisions of lung tissue changes 
constantly during the growth of the child from infancy to manhood or 
womanhood, under the governing influences of the vibrations of the 
an volume of the chest The problem, then, is to determine how it 
comes to pass that the vibrations of the lung tissue adapt themselves to 
the dominating vibrations of the air volume of the thoracic cavity 
We have seen that the anatomic structure of the thoracic cage and 
the manner in which the lung is subdivided into lobes are such as m 
part to reflect and m pait to disperse the vibrations of shocks in order 
that the hemithoiaces may not suffer from the too great violence of 
vibrations proper to their respective air volumes It is manifestly 
necessary that the finer structure of the lung should have a similar 
protection, that it also should be shielded against too violent proper 
vibrations of the resonatoi in which it is situated And it is also equally 
desirable that the specific vibrations of its structuie shall coincide in 
periodicity with that of the air volume of the hemithorax For, if each 
subdivision of the lung had the fundamental tone of its contained 
volume of air there would be a different rate of vibration for each 
subdivision, and there would consequently be strains at the points of 
juncture of the vibrating bodies It would be intolerable if a sharp 
blow, for example, excited vibrations in the part of the lung directly 
involved which were foreign to the vibrations of adjacent parts of the 
lung and of the hemithorax as a whole 

The air cells of the lung must necessarily be delicate stiuctures in 
order to perform their function of aeration A homogeneous mass of 
air cells filling the cavity of the hemithorax would vibrate as a whole to 
imparted concussions, the lung would quiver like a jelly under the 
slightest shock from the chest wall But the bronchial tree introduces 
a heterotropic element The air tubes are strong and elastic structures 
filled with air, which from its smaller volume does not vibrate with and 
therefore to some extent damps the general thoracic vibrations The 
bronchi by their disposition and their structure thus tend to reflect a 
poition of the vibiations which pass through the thorax The connec- 
tive tissue envelopes of lobes and lobules primarily form frameworks 
to strengthen the lung, but also check and tend to reflect vibrations 
which pass through them It may be said, then, that the lung from its 
structure is an organ which is so constituted that, while it is capable of 
vibrations as a whole, it nevertheless damps and reflects throughout its 
mass a portion of those vibrations in the same manner, inutahs mutandis, 
as the chest wall Lung tissue, containing many heterotropic bodies. 



782 


ARCHIVES OF INTERNAL MEDICINE 


Mbrates with some difficulty, that is, at a slow late This tends to 
assimilate its periodicity to that of the thoracic cavity, but does not 
account for the intimate lelationship of the two series of vibrations 
Supposing that the bronchi and the fibrous envelopes of the lung 
weie so thick that they reflected nearly all of the vibrations locally at 
A arious points throughout its mass The i esult would be the division of 
the lung tissue into subordinate acoustic subdivisions, each of which 
would vibiate at the rate peculiar to its air volume These subdivisions 
would naturally vary in size, and would therefore have different rates 
of vibration the result of which would be a conflict of vibrations at the 
juncture of the individual subdivisions, none of which, moreover, would 
vibrate at the rate peculiar to the lung mass as a whole Shocks and 
other vibrations would then pioduce an iriitation at the boundaries of 
subdivisions and the high rate of vibration of the localized acoustic 
spaces would be injurious to the contained air cells The part direct!} 
exposed would also bear more than its share of the concussion Once 
built too strong there would be no remedy, for iriitation could only be 
countered by pioliferation winch would make the partitions stionger 
and thicker than before Nature’s only way, therefore, is to begin with 
delicate stiuctures and thicken them as the indications arise The lung 
of the new-born infant is, we may suppose, adapted at the beginning 
of its function to its woik, from its structure it reflects locally, as well 
as permits the passage of vibrations, to the proper degree, as detei mined 
by the size of the individual thoiacic cavity The facts show that there 
must be an adaptation of its specific vibratihty to the volume of the 
lung as the latter increases m size during growth 

In full normal lespiration the hemithoraces vibiate in resonation as 
undivided wholes, the sounds of respiration are heaid ovei all portions 
of the lungs But in quiet breathing with the upper lobes the breath 
sounds are faint oi inaudible ovei the lower lobes and, convei sely, when 
the breathing is almost purely diaphragmatic it is difficult to hear it ovei 
the upper pait of the chest This must be due to the fact that the 
vesicular murmui is loudest wheie the tension of the lung is best for its 
pioduction In other words, in such breathing the vibrations of the lung 
are stiongest in its more expanded poitions But the vibrations, though 
they ma} not be audible as sound waA'^es, are nevertheless communicated 
to all portions of the lung We may fix a line beyond which the) are 
not heard, but in fact there is no line of demarcation because all poitions 
of the lesonatoi Anbrate to its fundamental tone and this is of course 
also true Avhen this tone is called forth by peicussion But this is 
only tiue for the reason that the specific vibrations of lung tissue aie 
of the same peiiodicity as the fundamental tone of the lung As Ave 
saAA Avith regal d to percussion it aa'ouW be a source of irritation if 
localized breatbing produced localized (and therefore higher pitched) 
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tones Foi the best conditions the Mbiations of the fundamental tone 
must shade off thiough the lung, meeting no foieign vibiations with 
which to conflict The problem is the same as in peicussion, to make 
the vibiations of the pait equal to those of the whole The defense 
against external shock is, of couise, opeiative heie, m that the lung 
tissue vibiates moie slowly in piopoition to the thickening of tubes and 
paititions But m bieathing, the vibiations fiom the laiynx aie intio- 
dticed behind all paititions and thiough all tubes Stiength of paititions 
and weight of tubes may suffice foi the best adaptation to lesist external 
violence, but may not be sufficient foi the pievention of a too geneialized 
Mbiation of lung cells noi foi the haimomzmg of localized vibiations 
of paits with the geneialized vihiations of the whole lung If fuithei 
and moie exquisite adaptation is lequisite we may think of the tuning as 
effected on the piinciple of the weighted stiing A stiing that is 
weighted vibiates moie slowly than an unenctimbeied stiing of the 
same length and size, that is, has a lowei tone In the piano, foi 
example, in oidei that stiings foi the deepest tones may not have an 
11101 dinate length, the wiies aie wiapped with smallei wiie As the 
thoiax glows laigei, the bionchial tubes and the fibious paititions 
inciease in thickness in piopoition to the inciease in size If m this 
giowth they leinain too light, jailing vibiations aie a stimulus to gieatei 
piolifeiation The slight but unending vibiations of the bieath sounds 
aie. It may be conjectuied, one of the most impoitant of such stimuli 
Piobabl) there is no lagging m development, noi evei any maiked 
disci epancy in vibiatihty between difleient paits of the lungs as thej 
develop Rather, the inci eased weighting of lung tissues, as leqtined 
foi unison of vibiations, takes place pan passu with the giowth, the 
vibiations of the bieath sounds being peihaps the most potent stimulus 
to a piolifeiation which m developing the gi owing tissues shall add 
just the collect amount of weighting to keep the tissues at the piopei 
pitch, so that all poitions of the lung shall always be attuned to the 
dominating, because most incessant, vibiations to which they aie exposed 
Lest it be thought that the expiession “tuning” of the lung implieb 
an accuiacy like that of the skilled violinist — an accuiacy which would 
seem impossible of attainment undei the conditions — it should be 
lemaiked that, in view of the difficulty m detci mining the exact pitch oi 
low tones it is quite possible that the peicussion note of acoustic sub- 
divisions of the exentciated lung only appioximates the pitch of the 
fundamental tone While the fundamental tone of peicussion and of 
vesiculai bieathing is easily to be distinguished as a tone, the sounds 
of peicussion and of lespiiation still lemain noises which shows that, 
besides the fundamental tone, vaiious othei tones of lo^^ pitch aie foiced 
on the lesonatoi, its i espouse theiefoie being with a zone of lesonance, 
not with a single tone The lack of a cleai musical tone and the iiiegu- 
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larity of curve of the normal thoracic note both in percussion and in 
respiration, as contrasted with tympanitic resonance, might perhaps be 
best explained by the persistence of tones which aiise from individual 
acoustic subdivisions We would think of the piocess in this way 
Each subdivision varying m size from the other subdivisions, in their 
reflection of a portion of the vibrations which reach them, produce tones 
of slightly different pitch But sufficient vibrations pass through the 
reflecting surfaces to excite the normal response of the thorax bv its 
fundamental tone which, being reinforced to the best advantage, is able 
to force itself on such of the subdivisions as have a slightly different 
fundamental tone, but not to the extinction of the latter tones It is 
also to be remembered that the optimal expansion of the lung tissue 
plays a part, as experience shows, in at least the loudness of the vesicular 
murmur It is therefore to be expected that, as the lung tension varies 
during an inspiration m the part of the lung over which the registering 
apparatus is placed, the strength of the tones resonated by the individual 
subdivisions will have varying degrees of prominence in the complex 
The lung tissue is protected against the vibrations of voice sounds 
of higher pitch than that of its fundamental tone by the fact that these 
are resonated in the bronchi, only the deep notes of a bass voice includ- 
ing the fundamental tone of the thorax The slowness of these low 
pitched vibrations prevents injury from too rapid oscillations of lung 
tissue, but nevertheless the strong vibrations of the lowest pitched organ 
tones are disagreeable to men whose thoraces respond to such deep 
tones What the effect would be if the higher pitched tones of the 
voice received resonation in the air cells may be inferred from the very 
unpleasant sensation from “ear piercing” tones, those of or near the 
fundamental tone of the tympanic cavity, although in the ear the func- 
tion of the tympanum as a resonator is minimized by its smallness, the 
irregularity of the cavity and the soft mucous membrane that covers 
Its walls The intermittency and the wide range of tones of the voice 
would probably prevent such tones as may be forced on lung tissue from 
exercising much effect on the lung structure in its acoustic relations 
The fact that, when the glottis is opened wide the chest is silent in 
respiration, of course overthrows existing theories as to the mode of 
production of the vesicular murmur by vibrations originating m the 
lung tissues Two theories will, however, be referred to briefly, those 
of Geigel ® and of Martini,^^ respectively 

According to Geigel’s theory, the vesicular murmur is the sum of 
the noises of innumerable miniature explosions due to the dilatation of 
air cells in inspiration and also to the sound of their mutual josthngs 
as they interfere with one another m their expansion This theory, as 
enunciated by Geigel, provides only for the sound of inspiration To 
complete the explanation Sahli suggests that the air cells jostle each 
other also during expiration as they return to their position of rest 
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The obvious objections to this theoiy aie hist, that the an cells 
do not collapse in expiration but lemain partially filled with air, theie 
can therefoie be no tearing apait of adherent surfaces, nothing that 
leseinbles an explosion, in inspiration Second, that the structure of 
the lung parenchyma gives no suppoit to the idea that air cells jostle 
one anothei eithei in inspiiation or in expiration, as if they weie a 
paicel of dried bladders 

According to Maitini,^- the specific vibrations of lung tissue do not 
appeal as the responses of a resonatoi to the sounding of its funda- 
mental tone but are “of great impoitance in originating the inspiratoiy 
breath sound which is audible ovei the air beaiing lung ” He compares 
the peicussion sound with the string of a musical instiument which has 
been struck, and the vesiculai murmui to the sound produced by a string 
of the same length, the tension of which has been suddenly increased, 
both methods of exciting the vibiations of the stung giving the same 
tone Elsewheie he accounts foi the peisistence of the vesiculai mur- 
mur in expiration by the fact that a stiing pioduces a slight sound when 
suddenly lelaxed To strengthen this compaiison he speaks in both 
passages referred to of the suddenly expanded oi distended lung But 
the lung does not as a lule expand suddenly m mspiiation No theory 
IS acceptable which does not account for the piesence of the vesicular 
inuimur in slow and easy lespiiation The comparison with the stiuck 
and tightened stiings has the weight only of an analogy The analogy 
consists in fact that a stretched string, so long as its length and tension 
remain unchanged, will always emit a tone of the same pitch whatevei 
excitation may call forth that tone Each stung, m other woids, has 
a fundamental tone depending on its length, just as m general the tone 
of an organ pipe depends on its length Martini nowhere gives any 
indication of the piecise mechanism by which the lung would be enabled 
to produce the sound of the vesicular murmur, furthei than to state that 
the lung IS brought out of its equilibrium in respiration, and m endeav- 
01 mg to recover this state of equihbiium vibiates about it periodically 
and with the same fundamental frequency which is simply the explana- 
tion usually given of the production of sound by an elastic body He 
furnishes no clue as to the way in which the equihbiium of the lung is 
disturbed, so as to produce sound in lespiration, further than to say that 
the propel vibrations of the lungs are brought about by the enlargement 
of the chest m inspiiation and its decrease in expiration 

SUMMARY 

1 A volume of air confined within elastic walls responds to excita- 
tions by a sound, the most important element of which is the tone proper 
to the dimensions of the cavity Such cavities may be called resonators 
in the widest sense of that word 
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2 The human thoiax IS such a lesonator But it clifters fiom othei 
lesonators in that it contains solid structures which, when the lung is 
physiologically active, are under a definite tension 

3 The theoi les as to the mode of pi oduction of the normal vesiculai 
murmur have been unsatisfactory The pi oof that the thorax func- 
tionates as a resonator is affoided by experiment 

4 Sound may be forced on a resonator in two ways ( 1 ) A some- 
what difterent rate of vibration of the generator may change the funda- 
mental tone of the lesonator, it is out of tune, (2) Without alteration 
of its fundamental tone the resonator may also lespond simultaneouslv 
to othei sei les of vibrations, its response is a “noise ” That the normal 
sounds of lespiration are noises is piobably in part due to this cause 

5 Resonators may be excited to the production of the fundamental 
tone in three ways (1) The resonator may be struck An example 
IS the percussion note, (2) A tone of the frequency of the fundamental 
tone of the lesonator may be piesented to it for reinforcement An 
example is the vesicular murmur, (3) Musical tones of diffeient pitch 
may be forced on the resonator within a limited range and produce a 
change in pitch of the fundamental tone An example is vocal leso- 
nance, (4) If the resonator lesponds strongly to vibrations of, or neai, 
the late of its normal vibrations, there may be a sympathetic vibration 
of its walls apparent to the touch An example is vocal fremitus 

6 The theory of the dependence of the thoiax, as a resonator, on 
sounds pioduced in the larynx applies only to the relatively weak and 
slow air currents of noimal breathing The phenomena of “recipiocat- 
ing bieathing” show that sound may originate in bronchial tubes thiough 
which air is stiongly foiced 

7 The specific characters of the vesicular muimui are due, not to 
the generator of the sound, but to the lesonator Any sound produced 
within the air passages during normal lespiratory movements of the 
thoiax may excite what amounts to the vesicular murmur, though the 
vocal cords are excluded from action by a laryngeal tube 

8 The structure of the thoracic walls and of the lungs is such as to 
tend both to localize and to disperse the vibrations of impaited shocks 

9 It IS necessary that the lung shall be so constructed that the rate 
of vibration of its parts shall be equal to the rate of vibration of the 
whole lung, and that the rate of vibration of the lattei shall be the same 
as that of the cavity within which it lies 

10 This requires a constant i eadaptation of the lung, as it develops 
within a growing thorax, to the fundamental tone of the cavity 

11 The experiments of Martini have demonstrated a specific late 
of vibration of physiologically inflated portions of the luns:, which is the 
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same as that of the whole lung inflated in the same ^^a^ and does not 
differ ^^hether the lung be tested within or -without the caMty of the 
hemithorax 

12 Another peculiant} of the human thorax considered as a reso- 
nator consists in the fact that it contains a system of smaller resonators 
the air tubes, which are more or less perfectl} insulated by en\ elopment 
wnth lung parench} ma This insulation which is thicker in some parts 
of the lung than it is in others ma) be impaired or destro) ed by disease 

13 The phenomena observed in the ph)sical diagnosis of the dis- 
eased lung depend largely on the impairment or destruction of the 
insulating parench}Tma rvith impairment or loss of its specific Mbratiht) 
and, consequent!), Avith impro\ed transmission of bronchial sounds 

14 In general, the transmission, not the character of breath sounds 
IS altered in disease 
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A CLINICAL GUIDE TO BEDSIDE EXAMINATION By Dr H Elias, 
Dozent and Assistant at the First Medical Clinic of the University of 
Vienna, Dr N Jagic, Extraordinary Professor and Chief Physician to the 
Sofienspital, Vienna, Dr. A Luger, Dozent and Assistant at the Second 
Medical Clinic of the University of Vienna Translated by William A 
Brams, M D , Adjunct in Medicine, Michael Reese Hospital, Chicago, 
Illinois Cloth Price, $1 50 New York Rebman Company, 1923 

As the title suggests, this book is intended as a guide to bedside examina- 
tion only, no detailed descriptions, theories or procedures requiring laboratory, 
graphic or other instrumental aid being discussed In short, only such informa- 
tion as can be obtained by the methods of inspection, palpation, percussion and 
auscultation is given A general schema of a physical examination at tne 
bedside serves as an introduction This is followed by a detailed considera- 
tion of each and every portion of the outline It is very comprehensive, and 
there are no misstatements of fact The authors apparently have made a 
strong plea for more careful general physical examinations, relying as far as 
possible on these methods for a diagnosis with the idea of supplementing the 
information obtained with such adjuncts as the various laboratory tests, graphic 
records and instruments of precision Greater uniformity and completeness 
will obtain in the examination itself and the history records by adopting such 
a schema 

THE DIETARY OF HEALTH AND DISEASE By Gertrude I Thomas, 
Instructor in Dietetics, University of Minnesota Cloth Price, $2 25 Pp 
210, with illustrations and tables Philadelphia and New York Lea and 
Febiger, 1923 

The purpose of this book is to provide an intermediate text as a basis 
for instruction in schools of nursing or departments of home economics, and is 
intended for the use of dietitians, nurses and instructors in the sciences that 
pertain to nutrition A short outline of a course m dietetics is given, and the 
outline form is used throughout the book The physiology of food in its rela- 
tion to the human body, the several phases of food chemistry, food prepara- 
tion and dietotherapy are presented in a very comprehendable yet concise 
manner The chapters on special diets are exceptionally well written An 
excellent bibliography is appended to each chapter 
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In the article of Drs A W Meyer and F A Cajon, in the May issue, page 
581, “F A Cajon, M D ,” should read “F A Cajon, PhD” 



INDEX TO VOLUME 33 


PAGE 

Addis, T , Sharlit, H , and Lyle, W G Specific gravity of urine 109 

Ammonia, urinary, origin of, I M Rabinowitch 394 

Anemia, pernicious, disturbances of renal function in, E J Stieglitz 58 

splenic, histogenesis and nature of Gaucher’s disease, T R Waugh and 
D S Macintosh 599 

Aneurysm, arteriovenous, diagnosis and pathologic physiology of, C F 

Hoover and A J Beams 1 

Arilus cnstatus (Hemiptera, Reduviidae), lesions due to bite of the wheel- 

hug, M C Hall 513 

Arteriosclerosis and hypertension, J P O’Hare and W G Walker 343 

Athletes, observations on group of marathon runners, with special reference 

to circulation, B Gordon, S A Levine and A Wilmaers 425 

Auricular fibrillation in goiter, E A Baumgartner, C W Webb and 

H Schoonmaker 500 

Bacillus acidophilus, clinical results obtained with, N Kopeloff 47 

acidophilus therapy, studies on nature of , N Kopeloff and P Beerman 55 
Bacteremia, direct blood-stream infection through tonsils , S J Crowe 473 

Baehr, G , and Rosenthal, N Paradoxical shortening of coagulation time 

of the blood after intravenous administration of sodium citrate 535 

Barrier, C W , and Rockwood, R Calcium treatment for edema 643 

Baumgartner, E A, Webb, C W, and Schoonmaker, H Auricular 

fibrillation in goiter 500 

Beams, A J , and Hoover, C F Diagnosis and pathologic physiology of 

arteriovenous aneurysm 1 

Beerman, P , and Kopeloff, N Studies on nature of bacillus acidophilus 

therapy 55 

Blood circulation, congenital peripheral resistance, its causative relation to 

the precocious hypertensive states, E Moschcowitz 566 

circulation, mechanism of peripheral stasis in myocardial insufficiency, 
capillary and venous pressures, E P Boas and G Dooneief 407 

circulation, observations on group of marathon runners, with special ref- 
erence to circulation, B Gordon, S A Levine and A Wilmaers 425 

coagulation time, paradoxical shortening of, after intravenous adminis- 
tration of sodium citrate, N Rosenthal and G Baehr 535 

pressure, arteriosclerosis and hypertension, J P O’Hare and W G 
Walker 343 

pressure, clinical observations on dynamics of ventricular systole, hyper- 
tension, H S Fell and L N Katz 321 

pressure, congenital peripheral resistance, its causative relation to pre- 
cocious hypertensive states , E Moschcowitz 566 

pressure, effect of amyl nitrite, bleeding and epmephrm on blood pressure 
and size of cat’s heart, B Gordon and G Wells 738 

Blumgart, H L Study of mechanism of absorption of substances from 

nasopharynx 4 J 5 



INDEX TO VOLUME 33 


P'^GE 


Boas, E P, and Dooneief G Mechanism of peripheral stasis in m 3 o- 

cardial insufficiency, capillary and venous pressures 407 

Book Reviews 

Blood Chemistry Colorimetric Methods, W J Stone 658 

A Clinical Guide to Bedside Examination, H Elias, N Jagic and 
A Luger 788 

La Degenerescence Hepato-Lenticulaire Maladie de Wilson Pseudo- 
Sclerose, H C Hall 279 

Diathermy and Its Application to Pneumonia, H E Stewart 533 

Dietarjr of Health and Disease, G I Thomas 788 

Infection and Resistance, H Zinsser 156 

Investigations Into the Occurrence and Classification of the Haemo- 
globinophilic Bacteria , M Knstensen 156 

Lectures on Endocrinology, W Timme 658 

Modern Aspects of the Circulation in Health and Disease, C J Wiggers 280 
Non-Surgical Drainage of the Gall Tract, B B V Lyon 155 

Nosography in Modern Internal Medicine, K Faber 533 

Pulmonary Tuberculosis, M Fishberg 406 

The Therapeutic Use of Digitalis , G C Robinson 155 

Treatment of Diabetes Mellitus, E P Joslin ^ 406 

Tubercle Bacillus Infection and Tuberculosis in Man and Animals, 

A Calmette 156 

Boynton, R E Comparison of normal standards for vital capacity of 

lungs of women 292 

Brown, G E , and Keith, N M Blood and plasma volume in obesity 217 

Bushnell, G E Human thorax considered as a resonator 763 

Caffein, value of caffem as an antidote for morphin, C C Haskell, J E 

Rucker and W S Snyder, Jr 314 

Cajori, F A , and Meyer, A W Anatomic and chemical report on a unique 

case of myeloma 581 

Campbell, L L , McClure, C W , and Montague, O C The pa and buffer 

ralues of duodenal contents derived from normal men 525 

Carlson, A J, and Litt, S Studies on visceral nervous system, reflex 

control of pylorus 281 

Cerebrospinal fluid, comparative results of colloidal gold and colloidal 

mastic tests, an analysis of 1,707 spinal fluids, H Wassermann 401 

Citrate, paradoxical shortening of the coagulation time of the blood after 
intraienous administration of sodium citrate, N Rosenthal and G 
Baehr 535 

Clawson, B J Analysis of 220 cases of endocarditis, with special ref- 
erence to subacute bacterial type 157 

Creatmin test for renal function, R H Major 89 

Crowe, S J Direct blood-stream infection through tonsils 473 

Diabetes, insulin in severer forms of diabetes wuth report of cases, L F 

Fnssell and J Hajek 230 

excretion of organic acids in urine of patients wnth diabetes mellitus , 

P Starr and R Fitz 


97 



INDEX TO VOLUME 33 


PAGE 

Digitalis, clinical studies of digitalis, effects produced bj administration 

of massne dosage to patients with normal mechanism, D Luten 251 
rectal digitalis therap> , R L Lev'y 742 

therap>, ventricular ectopic tachycardia complicating, W D Reid 23 

Dooneief, G, and Boas, E P Mechanism of peripheral stasis in myo- 
cardial insufficiency', capillary and venous pressures 407 

Downey, H Occurrence and significance of “myeloblast” under normal 

and pathologic conditions 301 

Drug addiction, presence of toxic substances in blood serum in raorphm 

habituation, E J Pellini and A D Greenfield 547 

Duodenum, contents, the pn and buffer values of duodenal contents derived 

from normal men , C W McClure, O C Montague and L L Campbell 525 
Dyspnea, effect of dy'spnea variously produced on vital capacity of lungs, 

M Joannides 145 

Edema, calcium treatment for, R Rockwood and C W Barrier 643 

Endocarditis, analysis of 220 cases with special reference to subacute 

bacterial type, B J Clawson 157 

a hitherto undesenbed form of \ahular and mural endocarditis, E 
Libman and B Sacks 701 

Ery throcyi;es, properties of young erythrocytes m relation to agglutination 

and their behavior in hemorrhage and transfusion , R Isaacs 193 

Fed, H S, and Katz, L N Clinical observations on dynamics of ven- 
tricular systole, hypertension 321 

Feinblatt, H M Alimentary leukocytosis in various pathologic conditions , 

further study in reference to crise hemoclasique of Widal 210 

Fitz, R, and Starr, P Excretion of organic acids in urine of patients 

with diabetes mellitus 97 

Frissell, L F, and Hajek, J Insulin in seserer forms of diabetes 230 

Fulton, W B An impro\ed air \ahe for apparatus used m basal 

metabolic v ork 497 

Gager, L T Conduction changes accompanying pericardial effusion w'lth 

consideration of a local circulatory factor in heart block 449 

Gauchat, H W, and Katz, L N Pulsus paradoxus (with special ref- 
erence to pericardial effusions } , clinical 350 

Pulsus paradoxus (with special reference to pericardial effusions) , 
experimental 371 

Gaucher’s disease See Anemia, splenic 

Goiter, auricular fibrillation in, E A Baumgartner, C W Webb and 

H Schoonmaker 500 

exophthalmic, metabolism-pulse ratio in exophthalmic goiter and in 
leukemia, with remarks on certain similarities in symptomatology of 
these diseases, G R Minot and J H Means 576 

toxic, differential improAements in symptoms of toxic goiter during 
roentgen-ray treatment and rest, M M Kunde 758 

Gordon, B, and Wells, G Effect of amyl nitrite, bleeding and epmephnn 

on blood pressure and size of cat's heart 738 

— Levine, S A , and Wilmaers, A Obser\ ations on a group of marathon 

runners, with special reference to circulation 425 



INDEX TO VOLUME 33 


PAGL 

Greenfield, A D , and Pellini, E J Narcotic drug addiction , presence of 


toxic substances in blood serum in morphin habituation 547 

Hajek, J , and Frissell, L F Insulin in severer forms of diabetes 230 

Hall, M C Lesions due to bite of the wheel-bug, Arilus cristatus (Hemip- 

tera , Reduviidae) 513 

Harbitz, F Hematoporphynnuria as an independent disease (“hemato- 

poiphyria”) and as a symptom of liver disease and intoxications 632 
Haskell, C C, Rucker, J E, and Snyder, W S, Jr Value of caffein as 

an antidote for morphin 314 

Heart beat, clinical observations on dynamics of ventricular systole, 

hvpertension , H S Fed and L N Katz 321 


block, conduction changes accompanying pericardial effusion, with a con- 
sideration of a local circulatory factor in heart block, L T Gager 449 
insufficiency, mechanism of peripheral stasis in myocardial insufficiency. 


capillary and venous pressures , E P Boas and G Dooneief 407 

size, effect of amyl nitrite, bleeding and epinephrin on blood pressure and 
size of cat’s heart, B Gordon and G Wells 738 

Hematoporphynnuria as an independent disease (“hematoporphyria”) 

and as a symptom of liver disease and intoxications , F Harbitz 632 

Hemoclastic crisis, alimentary leukocytosis in various pathologic conditions, 
further study m reference to crise hemoclasique of Widal, H M 
Feinblatt 210 

Hoover, C F , and Beams, A J Diagnosis and pathologic physiology of 

arteriovenous aneurysm 1 

Insect bites, lesions due to bite of the wheel-bug, Arilus cristatus (Hemip- 

tera, Reduviidae), M C Hall 513 

Intestines, gastric secretion, gastro-mtestinal motility and position of 

stomach m group of 250 children of Lymanhurst School , C B Wright 435 
Isaacs, R Properties of young erythrocytes m relation to agglutination 

and their behavior in haemorrhage and transfusion 193 

Jaffe, R H Sarcoma and carcinoma of liver following cirrhosis 330 

Joannides, M Effect of dyspnea variously produced on vital capacitv of 

lungs 145 

Katz, L N , and Feil, H S Clinical observations on dynamics of ven- 
tricular systole , hypertension 321 

— and Gauchat, H W Pulsus paradoxus (with special reference to peri- 
cardial effusions) , clinical 350 

Pulsus paradoxus (with special reference to pericardial effusions) , 
experimental 371 

Keith, N M , and Brown, G E Blood and plasma volume in obesity 217 

Kidnej function, creatinm test for, R H Major 80 

function, disturbances m pernicious anemia, E J Stieglitz 58 

histologic hydrogen-ion studies of kidney, E J Stieglitz 483 

Kopeloff, N Clinical results obtained with bacillus acidophilus 47 

— and Beerman, P Studies on nature of bacillus acidophilus therapy 55 

Kunde, M M Differential improvements in sj'inptoms of toxic goiter 

during roentgen-ray treatment and rest 258 



INDEX TO VO Lb ME 33 


P\GE 

Leiter, L Experimental chronic glomerulonephritis 611 

Lemon, W S , and J^Ioersch, H J Basal metabolism and vital capacity 130 
Comparison of constants for determination of vital capacity 118 

Factors influencing vital capacitj 136 

Vital capacity in relation to operatne risk 128 

Leukemia, metabolism-pulse ratio in exophthalmic goiter and in leukemia, 
vith remarks on certain similarities in the symptomatology of these 
diseases, G R Alinot and J H Means 576 

a stud} ot mixed leukemia ^\lth report of a case, R C Logefeil 659 

Leukocytes, occurrence and significance of the “myeloblast” under normal 

and pathologic conditions, preliminarj' account, H Downe} 301 

alimentary' leukocytosis in y'arious pathologic conditions, further stud} in 
reference to crise hemoclasique of Widal , H M Feinblatt 210 

Ley me, S A , Wilmaers, A and Gordon, B Observations on group of 

marathon runners, yy ith special reference to circulation 425 

Ley}, R L Rectal digitalis therap} 742 

Libman, E, and Sacks, B A hitherto undescribed form of valvular and 

mural endocarditis 701 

Litt, S, and Carlson, A J Studies on v'lsceral nervous system, reflex 

control of p}lorus 281 

Liver disease hematoporph} rinuria as an independent disease (“hemato- 
porph}ria”) and as a symptom of liver disease and intoxications, 

F Harbitz 632 

sarcoma and carcinoma of liver following cirrhosis, R H Jaffe 330 

Logefeil, R C A stud} of mixed leukemia with report of a case 659 

Luten, D Clinical studies of digitalis, effects produced b} administration 

of massive dosage to patients with normal mechanism 251 

L}Ie, W G, Addis, T, and Sharlit, H Specific gravit} of urine 109 

iIcClure, C W , Montague, O C , and Campbell, L L The pa and buffer 

values of duodenal contents derived from normal men 525 

Macintosh, D S , and Waugh, T R Histogenesis and nature of Gaucher’s 

disease 599 

Major, R H Creatinin test for renal function 89 

Means, J H , and Minot, G R Metabolism-pulse ratio in exophthalmic 
goiter and m leukemia, with remarks on certain similarities in 
S}mptomatolog} of these diseases 576 

Mercuric chlorid poisoning, H B W'^eiss 224 

Metabolism, basal, an improved air valve for apparatus used in basal 

metabolic work, W B Fulton 497 

basal, and v ital capacity , W S Lemon and H J Moersch 130 

Me}er, A W , and Cajon, F A Anatomic and chemical report on a unique 

case of myeloma 581 

Milk, bacillus acidophilus See Bacillus acidophilus 

Minot, G R, and Means, J H Metabolism-pulse ratio in exophthalmic 
goiter and in leukemia, with remarks on certain similarities in 
symptomatology of these diseases 576 

Mitral stenosis, paralysis of left recurrent laryngeal nerve in mitral stenosis, 

report of case, and review of literature, M Notkin 71 



INDEX TO VOLUME 33 


P^GE 

Moerscli, H J , and Lemon, W S Basal metabolism and vital capacity 130 
Comparison of constants for determination of vital capacity 118 

Factors influencing vital capacity 136 

Vital capacity m relation to operative risk 128 

Montague, O C , Campbell, L L , and McClure, C W The pn and buffer 

values of duodenal contents derived from normal men 525 

Morphin addiction, presence of toxic substances in blood serum in , E J 

Pellini and A D Greenfield 547 

skin-reaction to, J D Pilcher and T Sollmann 516 

■value of caffein as an antidote for, C C Haskell, J E Rucker and W S 

Snyder, Jr 314 

Morse, P F Symptomatic polycythemia with cyanosis and dyspnea 459 
Moschcowit?, E Congenital peripheral resistance, its causative relation 

to precocious hypertensive states 566 

Mj'eloblasts, occurrence and significance of the “myeloblast” under normal 

and pathologic conditions, preliminary account, H Downe 3 '^ 301 

Myeloma, anatomic and chemical report on a unique case of, A W Mej'er 

and F A Cajon 581 

Nasopharynx, study of mechanism of absorption of substances from naso- 
pharynx, H L Blumgart 415 

Nephritis, experimental chronic glomerulonephritis, L Leiter 611 

Nervous system, studies on visceral nervous system, reflex control of 

pylorus , A J Carlson and S Litt 281 

Nothin, M Paralysis of left recurrent larjngeal nerve in mitral stenosis 71 

Obesity, blood and plasma %olume in obesity, G E Brown and N M 

Keith 217 

O'Hare, J P , and Walker, W G Arteriosclerosis and hypertension 343 

Paralysis of left recurrent larjngeal nerve in mitral stenosis, report of case, 

and review of literature, M Notkin 71 

Pellmi, E J, and Greenfield, A D Narcotic drug addiction, presence of 

toxic substances m blood serum in morphin habituation 547 

Pericardial effusions, observations on pulsus paradoxus (with special ref- 
erence to pericardial effusions) , H W Gauchat and L N Katz 350, 371 
conduction changes accompanying pericardial effusion, with a considera- 
tion of a local circulator}'^ factor in heart block, L T Gager 449 

Pilcher, J D , and Sollmann, T , Skin-reaction to morphin 516 

Polycythemia, symptomatic polycythemia with cyanosis and djspnea, P F 

Morse 459 

Pulsus paradoxus, observations on (with special reference to pericardial 

effusions) , H W Gauchat and L N Katz 350, 371 

P 3 dorus, reflex control of, studies on visceral nervous 33 stem, A J Carlson 

and S Litt 281 

Rabinovitch, I M Origin of urinary ammonia 

Reid, W D Ventricular ectopic tach 3 ^cardia complicating digitalis therapv 23 
Rockwood, R , and Barrier, C W Calcium treatment for edema 643 



INDEX TO VO LOME 33 


PAGE 

Rosenthal, N, and Baehr, G Paradoxical shortening of coagulation time 

of the blood after intravenous administration of sodium citrate 535 

Rucker, J E, Snyder, W S, Jr, and Haskell, C C Value of caffem as 

an antidote for morphm 314 

Sacks, B , and Libman, E A hitherto undescnbed form of valvular and 

mural endocarditis 701 

Sa\v>er, W A, and Sweet, W C Comparison of certain methods of treat- 
ment and diagnosis of hookworm infection 35 

Schoonmaker, H , Baumgartner, E A , and Webb, C W Auricular 

fibrillation in goiter 500 

Sharlit, H , Lyle, W G , and Addis, T Specific gravity of urine 109 

Shepard, W P Effect of certain past diseases on vital capacity 185 

Snyder, W S , Jr , Haskell, C C , and Rucker, J E Value of caffem as 

an antidote for morphm 314 

Sollmann, T , and Pilcher, J D Skm-reaction to morphm 516 

Starr, P, and Fitz, R Excretion of organic acids m urine of patients with 

diabetes mellitus 97 

Stieglitz, E J Disturbances of renal function m pernicious anemia 58 

Histologic hydrogen-ion studies of kidney 483 

Stomach, gastric secretion, gastro-intestmal motility and position of stomach, 

m group of 250 children of Lymanhurst School , C B Wright 435 

Surgery, vital capacity in relation to operative risk, W S Lemon and 

H J Moersch 128 

Sweet, W C , and Sawyer, W A Comparison of certain methods of treat- 
ment and diagnosis of hookworm infection 35 

Syphilis, serodiagnosis, comparative results of colloidal gold and colloidal 

mastic tests, an analysis of 1,707 spinal fluids, H Wassermann 401 

Tachj'cardia, ventricular ectopic, complicating digitalis therapy, W D Reid 23 
Thorax, human thorax considered, as a resonator , G E Bushnell 763 

Tonsils, direct blood-stream infection through tonsils , S J Crowe 473 

Uncinariasis, comparison of certain methods of treatment and diagnosis of 

hookworm infection , W A Sawyer and W C Sweet 35 

Urine, excretion of organic acids m urine of patients with diabetes mellitus 

P Starr and R Fitz 97 

origin of urinary ammonia, I M Rabmowitch . 394 

specific gravity of, H Sharlit, W G Lyle and T Addis 109 

Vital capacity and basal metabolism , W S Lemon and H J Moersch 130 

comparison of constants for determination of , W S Lemon and H J 
Moersch 118 

effect of certain past diseases on , W P Shepard 185 

effect of dyspnea variously produced on, M Joannides 145 

factors influencing, W S Lemon and H J Moersch 136 

m relation to operative risk, W S Lemon and H J Moersch 128 

of women, comparison of normal standards for , R E Boynton 292 

Walker, W G , and O’Hare, J P Arteriosclerosis and hypertension 343 



INDEX TO VOLUME 33 


PAGC 


Wassermann, H Comparative results of colloidal gold and colloidal 

mastic tests , an analysis of 1,707 spinal fluids 401 

Waugh, T R, and Macintosh, D S Histogenesis and nature of 

Gaucher’s disease 599 

Webb, C W , Schoonmaker, H , and Baumgartner, E A Auricular 

fibrillation m goiter 500 

Weiss, H B Mercuric chlorid poisoning 224 

Wells, G , and Gordon, B Effect of amyl nitrite, bleeding and epmephnn 

on blood pressure and size of cat’s heart 738 

Wilmaers, A, Gordon, B, and Levine, S A Observations on group of 

marathon runners, with special reference to circulation 425 

Wright, C B Gastric secretion, gastro-mtestinal motility and position 

of stomach, m a group of 250 children of Lymanhurst School 435 




